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Introduction 


Extensive  use  of  radioactive  substances  and  radiation  in  different 
fields  of  the  national  economy  and  scientific  investigation  leads  one  to  pay 
a  special  attention  to  the  studies  of  their  influence  on  humans,  animals,  and 
plants . 


The  effect  of  ionizing  radiation  at  certain  intensity  induces  severe 
sickness  in  humans  and  animals  with  a  typical  complex  of  symptoms,  in  which 
phenomena  connected  with  the  change  in  the  immunobiological  reactivity  of  the 
irradiated  organism  play  a  leading  role. 

It  is  known,  that  the  vital  activity  of  all  living  creatures  pro¬ 
ceeds  in  continuous  interaction  with  the  world  of  microorganisms  inhabiting 
its  integument  and  cavities,  which  are  in  communication  with  the  environment. 

A  healthy  organism  possesses  a  certain  stage  of  stability  with  regard  to  the 
surrounding  microbes,  but  after  a  change  in  reactivity  of  the  organism  due 
to  impairment  of  its  vital  activity,  induced  by  various  agents  such  a3  radi¬ 
ation,  this  symbiosis  is  disrupted  and  the  phenomena  of  eutoinf action  appear. 

Numerous  experimental  data  and  clinical  observations  of  humans 
after  radiation  indicate  the  appearance  of  inflammatory  processes  induced 
by  the  penetration  of  microorganisms.  Often  they  are  also  detected  in  blood 
(bacteriemia),  A  detailed  investigation  of  microbes  isolated  from  blood  and 
internal  organs  of  irradiated  bodies  showed  that  they  are  species  ordinary 
inhabiting  living  organ  is -a.  and  thus  they  compose  the  normal  microflora  of 
the  lust.  The  microflora  of  the  intestines  are  the  most  frequently  found. 

3esides  the  presence  of  autoinfectior.,  it  has  been  established  that 
after  irradiation  the  susceptibility  to  pathogenic  microorganisms  increases. 
Infectious  diseases  in  exposed  animals  proceed  uniquely,  and  much  more  severely 
than  in  nonirradiated  ones:  death  rate  and  duration  of  the  sickness  increase, 
latent  infections  take  a  clinically  pronounced  course. 

It  is  known,  that  diatur oancec  in  the  resistance  of  the  organism 
to  the  germs  increase  with  increasing  radiation  dose.  Some  information  has 
been  obtained  as  to  the  causes  for  the  increase  in  sensitivity  of  the  irradiated 
bodies  to  ,-  ’.-iou3  microbes.  A  substantial  change  in  the  reactivity  of  the  organ¬ 
ism  following  irradiation,  manifested  as  a  decrease  in  intensity  of  nonspecific 
natural  immunity  and  a  lowered  level  of  acquired  immunity,  is  one  of  the 
principal  reasons.  The  <.<  defenselossr.ess  >>  toward  germs  which  appears  after 
irradiation  has  a  practical  significance  for  the  sick  body  itself  (because  the 
infectious  complications  increase  the  sevority  of  the  course  of  the  basic 
process)  as  well  as  for  the  surroundi;.g  oodles,  because  the  irradiated  orgxtisa 
ray  become  a  hazardous  infection  scarce  continuously  infecting  the  environment 
—.d  persons  who  come  in  contact  with  it. 
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It  is  obvious,  that  investigation  of  peculiarities  in  the  inter¬ 
relation  between  the  irradiated  organism  and  microbes,  in  order  to  detect 
moans  for  struggling  with  the  development  of  infection,  is  the  goal  of  the 
microbiologists  working  in  the  field  of  radiobiology. 

In  the  complex  process  of  interaction  between  micro-  and  xacroorganisms 
which  are  under  the  effect  of  definite  environmental  conditions,  one  must  take 
into  account  changes  in  any  of  them  as  well  as  the  complex  phenomena  of  their 
interaction. 

In  order  to  study  the  biological  peculiarities  of  germs,  which 
chango  under  a  direct  effect  of  rauiation  as  well  as  under  the  effect  of 
excretions  and  substances  of  the  tissues  of  an  irradiated  organism,  the 
uso  of  various  bacteriological,  biochemical,  morphological  and  serological 
methods  is  necessary.  Investigations  on  immunobiological  reactivity  of 
the  exposed  organism  have  to  be  varied.  Use  of  immunity  reactions  in  vivo 
and  in  vitro,  use  of  biochemical  analysis  and  marked  atoms  and  experimentation 
on  animals  infected  with  germ  cultures  enable  one  to  obtain  the  necessary 
information  on  changes  in  reactivity  appearing  after  irradiation. 

In  this  interesting  and  extremely  fascinating  field  of  studies  the 
accumulation  of  data  does  not  restrict  further  investigations,  but,  on  the 
contrary  allows  one  to  detect  new  problems  which  require  solution. 

Despite  the  largo  number  of  published  experimental  and  review 
papers  in  the  field  in  which  the  studies  of  changes  in  the  properties  of 
micro-  and  macroorganisms  subjected  to  irradiation  are  carried  out,  there 
are  still  many  problems  of  theoretical  and  direct  practical  significance 
which  have  to  bo  investigated. 

Thus,  for  instance,  the  dynamics  of  the  development  of  autoinfection  ■ 
in  relation  to  the  severity  and  stage  of  radiation  sickness  requires  detailed 
study]  disturbances  in  various  factors  of  natural  immunity  have  not  been  in¬ 
vestigated  sufficiently}  investigation  of  the  course  of  compensation  and  re¬ 
storation  of  immunobiological  reactivity  after  irradiation  is  urgent,  too. 

The  peculiarities  in  the  course  of  allergic  reactions  in  an  exposed 
organism  are  almost  entirely  unknown.  As  is  known,  many  painful  reactions, 
such  as  serum  sickness,  anaphylactic  shock,  food  and  drug  idiosyncrasy,  and  also 
allergic  reactions  to  allergens  of  pathogenic  bacteria  used  in  diagnostics 
(Pirko  tost  and  others)  can  be  attributed  to  these  reaction. 

All  these  kinds  of  scientific  investigations  can  be  separated  into 
two  groups,  one  of  which  is  preparatory  for  the  other. 

Papers  erf  a  descriptive  character,  in  which  the  effect  of  radiation 
on  these  or  othor  factors  is  clarified,  pertain  to  the  first  group.  The 
majority  of  the  published  papers  regarding  the  effect  of  radiation  on  inter¬ 
relations  of  micro-  and  macroorganisms  are  of  such  a  character.  The  data  of 
these  investigations  provide  the  basic  characteristics  of  the  state  of  the 
irradiated  organism,  but  they  fail  to  disclose  the  reasons  for  the  apparent 
changes.  On  the  basis  of  the  data  obtained,  the  papers  of  the  second  group 
appear]  they  contain  experimental  investigations  of  the  reasons  and  mechanisms 
of  the  phenomena  discovered.  Those  are  mainly  research^  experimental  papers] 
their  execution  is  more  difficult.  They  require  tiroless  searching  and  com¬ 
paring  of  facts  as  interpereted  by  a  definite  working  hypothesis,  without 
which  it  is  impossible  to  carry  out  these  experiments. 
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The  present  monograph  is  a  collective  work,  which  reviews  a  series 
of  data  from  the  literature  of  the  recent  years  (without  reference  to  widely 
known  published  reviews  and  papers),  it  contains  data  of  our  own  investigations 
in  the  region  of  the  first  descriptive  group  of  works  as  well  as  the  results 
of  experiments  dedicated  to  studies  of  the  reasons  for  the  changes  in  re¬ 
activity  of  the  irradiated  organism. 

These  investigations  were  carried  out  over  a  period  of  many  years 
by  a  group  of  co-workers,  which  included,  besides  the  authors  of  the  book, 

G.  A.  Chekatilo,  0.  R.  Nemirovich-Danchenko,  G.  M.  L'vitsina,  and  A.  F.  Kosov, 
whose  nonpubli3hed  data  are  included  in  the  data  presented  by  us.  Acute 
radiation  sickness  induced  by  total-body  external  irradiation  or  by  the 
effect  of  radioactive  substances  is  the  investigational  object. 

White  mice,  guinea  pigs,  rabbits  and  dogs  served  as  experimental 

animals . 


Problems  pertaining  to  all  basic  sections  which  characterize  the 
interrelations  between  the  microbes  and  irradiated  organism  were  investigated. 
The  phenomena  of  autoinfection  and  infection  caused  by  pathogenic  microbodies, 
changes  in  the  natural  and  induced  immunity  and  allergic  reactivity  were 
studied.  Special  attention  was  paid  not  only  to  the  theoretical  significance, 
but  also  to  the  possible  practical  use  of  the  data  obtained. 


Chapter  1 


Change  in  Automicroflora  and  Microinvasion 
in  the  Irradiated  Organism. 

There  are  no  data  in  the  literature  delineating  the  specific  role 
(relative  tc  other  reasons)  of  infectious  complications  as  cause  of  death 
in  radiation  injuries.  However  the  clinical  and  experimental  data  show  the 
important  role  of  the  germ  factor  during  the  course  and  on  the  end  result  of 
radiation  sickness.  Radiation  dose  proved  to  be  essential.  In  the  cases  of 
massive  radiation  which  result  in  death,  the  germ  factor  is  not  the  cause 
of  death  (219,  27li) ;  in  exposing  humans  (253,  32li)  and  animals  (265,  31?, 

325)  to  sublethal  radiation  doses  the  effect  of  infection  emerges  when 
the  pathologic  process  persists  for  weeks  or  months.  It  aggravates  radiation 
sickness  and  can  lead  to  a  lethal  outcome.  Actually  the  development  of  in¬ 
fectious  complications  is  the  consequence  of  weakening  of  the  natural 
stability  of  the  organism.  The  autoinfections  appear  as  a  result  of  definite 
changes  in  the  environment,  which  brought  the  organism  and  its  microflora 
out  of  the  state  of  symbiosis. 

The  weakening  of  natural  barriers --induced  by  various  factors — 
which  preserve  the  organism  from  its  commensals — leads  to  spreading  beyond 
the  limits  of  the  ordinary  reservoirs;  the  microflora  invades  the  tissues 
and  organs.  The  later  course  of  microbes  as  well  as  of  the  infected  organism, 
depends  on  the  efficiency  of  internal  natural  defense  mechanisms,  and  on  patho¬ 
genicity  and  number  of  penetrating  viruses. 

By  changing  the  temperature  conditions,  I.  E.  Trop  (160,  162)  has 
detected  intestinal  bacteria  in  liver  and  spleon  of  overheated  animals;  he  found 
microbes  in  lungs  of  cooled  animals.  Arnold  (185)  has  disclosed  the  dependence 
of  the  microinvasion  and  change  in  tho  intestinal  microflora  on  feeding  and 
weather  conditions. 

The  environment  affects  the  macro-  and  microorganism,  and  consequently, 
also  their  symbiosis  directly  and  indirectly  (by  means  of  their  symbionts). 
Penetrating  radiation,  one  of  the  physical  environmental  factors,  affects  the 
indicated  symbiosis  in  an  identical  manner. 

During  irradiation,  naturally,  radiation  affects  the  organism  ar.c 
rdcroflcra  dwelling  in  it  directly.  Thereafter,  reciprocal  effects  of  the 
components  of  symbiosis,  which  undergo  constant  change,  join  the  developing 
radiation  sickness.  Radiation  with  incorporated  radioactive  substances, 
where  the  radiation  source  is  active  continuously  or  throughout  life,  com¬ 
plicates  the  situation  even  more. 
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In  studying  tho  rolo  of  tho  germ  factor  in  radiation  pathology,  on 
one  hand  one  had  to  clarify  tho  stat~  of  automicro flora  of  the  irradiated  or¬ 
ganism,  on  tho  other  hand  it  was  important  to  find  out  which  changes  in  the 
mechanism  of  the  natural  immunity  induced  by  radiation  stimulate  the  develop¬ 
ment  of  autoinfeotion. 

The  intestine  is  tho  most  important  reservoir  of  microflora  in  the 
animal  organism.  Bacteriological  investigations  of  the  feces  of  humans  who 
were  subjected  to  local  X-irradiation  (120),  and  those  of  animals  after  total- 
body  irradiation,  exhibited  quantitative  and  qualitative  changes  in  the  content 
of  the  microflora  of  the  intestines.  Furtn,  Coulter  and  Howland  (219)  have 
observed  an  increased  number  of  gram-negative  forms,  staphylococci  and  strepto¬ 
cocci  in  the  feces  of  irradiated  dogs  (h£0  r).  R.  V.  Fetrov  (123)  has  notod 
an  initial  decrease  in  tho  total  numbor  of  b&otoria  (among  thorn  tho  ooliform 
bacterium)  in  the  large  intesti.no  followed  by  an  increase  (especially  in 
3.  coli)  in  30  irradiated  (600  r)  rats  to  tho  end  of  their  lifetime.  The 
mean  number  of  3.  coli  in  per  cent  of  the  total  number  of  bacteria  in  feces 
before  irradiation  amounted  to  hS,  on  the  first  postradiation  day  -25, 
ljth-li9>  6th-h7,  > oh— 5U  and  on  the  llth-75.  On  the  day  the  rats  died,  mainly 
3.  coli  was  cultured  from  their  feces.  The  number  of  hemolytic,  proteolytic 
indole-  and  hydrogen-sulfide-producing  stocks  increased  which  indicates  an 
increase  in  tho  pathogenic,  properties  of  bacteria  inhabiting  the  intestines. 

A  significant  increase  in  the  number  of  bacteria  in  intestines  of 
mice  after  a  total-body  irradiation  (300  r)  was  observed  r.lso  by  3.  G.  Avetikian 
and  A.  0.  Artemova  (1).  Besides,  these  authors  have  studied  tho  effect  of 
radiation  on  tho  formation  of  a  focus  of  autoinfection  under  special  experi¬ 
mental  conditions:  a  ligature  was  placed  on  the  caecum  of  the  mouse,  but  the 
blood  supply  of  the  isolated  section  was  maintained.  Proof  was  obtained  that 
tho  number  of  microboo  in  tho  contont  of  this  eection  of  tho  intestine  as  woll 
as  in  its  wall,  where  the  focus  of  autoinfection  appeared,  was  manyfold  larger, 
ihan  in  nonirradiated  animals  operated  in  the  same  way. 

The  change  in  tho  intestinal  microflora  induced  by  irradiation  of  the 
body  with  radioactive  substance  (polonium,  an  pC  -emitter)  was  observed  by  0.  A. 
Nemirovich-Danchenko  (116).  The  experiment  was  carried  out  on  32  dogs,  that 
received  subcutaneously  (in  the  hip)  a  single  injection  of  0.05  mC  of  polonium 
per  1  kg  of  weight.  The  animals  died  within  18-35  days.  Part  of  the  dogs 
received  a  complex  of  therapeutic  measures  inclusive  of  antibiotics,  vitamins, 
blood  transfusion,  unithiol  (a  preparation  which  accelerates  the  excretion  of 
polonium)  and  others.  Two  hundred  3ixty  bacteriological  investigations  of 
feces  wore  carried  out.  In  contrast  to  the  data  reported  above,  which  ware 
obtained  after  an  external  total-body  irradiation,  0.  R.  Nemirovich-Danchenko 
has  observed  a  decrease  in  the  number  of  typical  3,  coli  in  focal  masses  of 
animals  poisoned  with  polonium  (treated  and  untreated;,  which  progresses  with 
the  development  of  radiation  sickness;  in  treated  dogs  this  phenomenon  was 
less  pronounced.  A  decrease  in  the  number  of  coliform  bacteria  in  the  cultures 
of  feces  corresponded  to  a  decrease  in  the  number  of  gram-negative  forms  in 
the  sraGars  of  feces.  At  the  same  time  the  number  of  stocks  of  coliform  bacteria 
•with  altered  biochemical  properties  and  capable  of  giving  hemolysis-increased. 

An  increase  in  the  number  of  anaerobic  microbes (B.  perfringens) ,  whose  number 
grew  very  large  up  to  the  time  of  death  of  the  animal, ""was  observed. 

3y  comparing  the  content  of  intestinal  microflora  of  individual 
animals  that  received  identical  doses  of  polonium,  but  whose  clinical  syndromes 
of  radiation  sickness  were  of  a  different  degree  of  severity,  0.  R.  Nemirovich- 
Danchenko  notes  a  dependence  of  the  content  of  microflora  on  the  general  condition 
of  the  anima.l-a  decrease  in  tho. numbor  of  intestinal  coliform  bacteria  was 
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"r'itor  in  dogs  with  a  more  severe  form  of  radiation  sickness.  The  same  author 
discloses  also  the  fact,  found  in  her  experiments,  that  the  microorganisms  of  in*, 
testincs  acquire  an  increased  resistance  to  antibiotics  (levonycetin,  streptomycin) 
'  ro*  only  in  irradiated  dogs  that  received  these  preparations .continuously,  but 
also  in  exposed  dogs  that  failed  to  receive  antibiotics  (116). 

|  The  change  in  sensitivity  of  the  microflora  of  fecee  to  antibiotice 

has  been  noted  not  only  in  using  0.05  mC/kg  of  polonium,  but  also  in  cases  in 
!  which  smaller  doses  of  the  agent  (0.02  mC/kg)  were  used.  Thus,  for  instance, 
of *7?  stocks  of  intestinal  germs  of  dog  No  37,  before  the  injection  of  polonium 
>, 2*  wore  stable  and  slightly  sensitive  to  penicillin,  32*  to  streptomycin, 
lf.\o  leYomycotin,  and  80*  to  biomycin.  One  hundred  and  five  stocks  of  ooliform 
’orms  were  studied  during  the  course  of  acute  radiation  sickness  (the  dog  died 
■  on  the  L3rd  day),  and  the  nunber  of  stable  and  slightly  sensitive  forms  increased! 

by  H  to  penicillin,  by  19*  to  streptomycin,  by  lul%  to  Xevomycetin  and  by  17* 

!  to  oiomycin.  The  177  investigated  representatives  of  the  intestiwti  ndcroflnra 

!  vor„  mostly  varieties  of  the  coliform  bacteria  (159  stocks),  and,  consequently, 

;  those  date  characterize  the  change  in  sensitivity  to  antibiotics  of  the 
basic  dweller  of  intestines — tho  coliform  bacterium. 

In  another  variation  of  the  experiments,  namely,  at  a  daily  injection 
of  0.02  U-C/kg  of  Sr^O,  0.  0.  Alekseyeva  in  a  series  of  cases  haB  observed 
in  dogs  an  increase  in  the  number  of  intestinal  germs  with  a  decreased  sensitivity 
.  to  ani-lbiotics. 

In  order  to  show  the  effect  of  season  on  the  content  of  microflora 
of  the  macroorganism  and  its  sensitivity  to  antibiotics,  the  study  of  properties 
of  intestinal  germs  at  identical  seasons  of  the  year  is  presented  as  an  example. 
Thus,  before  the  troatraent  with  Sr90  in  January  19*  of  33*  stocks  of  coliform 
!  bactoria,  soparated  from  the  feces  of  the  dogs  Dick  and  Hike,  wore  resistant 

|  (or  only  slightly  sensitive)  to  streptomycin,  76*  to  biomycin  and  0  to  levo- 

I  mycotin.  After  10-12  months  from  the  beginning  of  the  Sr  exposui e  (also  at 
a  cold  season)  the  sensitivity  to  antibiotics  changed  essentially  to  the  side 
I  of  an  i re r ease  in  the  number  of  resistant  and  slightly  sensitive  germs;  1|2* 
j  of  65  stocks  of  coliform  bacteria  were  resistant  and  only  slightly  sensitive 
f  to  streptomycin,  99*  to  biomycin  and  39*  to  levomycetin.  The  change  in  the 

response  of  coccal  forms  to  the  indicated  antibiotics  went  in  the  same  direction. 
The  decreased  sensitivity  to  antibiotics  in  germs  isolated  from  an  exposed 
|  organism  can  be  explained  by  the  fact  that,  due  to  the  development  of  radiation 
!  sickness,  essential  changes  appear  in  metabolism,  in  the  quality  and  quantity 
j  of  the  secretion  aosorbed  by  the  intestinal  cavity,  in  the  production  of 

bactericidal  substances  and  so  on.  In  consequence  new  life  conditions  for  the 
<  microorganisms  are  created.  Dwelling  in  this  new  environment,  evidently, 
i  inducos  those  corresponding  changes  in  their  vital  activity,  in  their  metabolism. 
The  presonce  of  these  changes,  evidently,  determines  the  different  response  of 
tho  autoflora  of  the  organism,  which  continuously  was  exposed  to  radioactive 
substances,  to  antibiotic  preparations.  The  correctness  of  this  assumption 
is  confirmed  by  the  fact  that  a  similar  alteration  in  bacteria  is  described 
(lOli)  for  different  states  which  also  damage  the  vital  activity  of  the  organism, 
for  instance,  avitaminosis,  application  of  painful  stimulations,  injections  of 
heterologous  protein  and  so  on.  L,  G.  Peretz  (119)  has  observed  an  increased 
stability  to  drying  out  in  microbes  resistant  to  sulf  onylamida. 

Thus,  change  in  the  environment  may  lead  to  the  increased  stability  of 
microbes  simultaneously  to  several  unfavorable  agents,  among  them  to  antibiotics. 

These  facts  confirm  the  correctness  of  the  basic  thesis  of  the  Michurin 
biological  science  on  a  close  connection  between  living  organisms  and  their 
environment. 
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The  difference  in  the  dynamics  of  the  change  in  the  intestinal  flora 
during  external  and  internal  irradiation  at  first  sight  may  be  easily  explained 
by  species  variation  in  the  responses  of  experimental  animals  to  radiation. 
However,  0.  R.  Nemirovich-Danchenko  indicated  that,  at  an  identical  dose  of  the 
radioactive  substance,  the  changes  in  the  microflora  of  feces  are  not  identical 
*  in  all  dogs:  they  were  more  significant  in  animals,  in  which  the  radiation 
sickness  was  moro  pronounced.  Consequently,  to  u^lve  this  problem  definitely, 
further  investigations  must  involve  consideration  doubly,  of  the  clinical 
condition  of  the  animal.  Especially  one  has  to  take  into  account  the  presence 
or  absence  of  enterocolitis,  because  it  is  well  known  that  even  with  no  radi¬ 
ation,  the  content  of  the  microflora  of  fecal  maasoa  ohangett  in  diarrheas  of 
different  etiology. 

As  for  the  change  in  the  bacterial  flora  of  the  upper  respiratory 
tracts  and  skin  after  a  massive  total-body  irradiation,  we  failed  to  find  papers 
in  the  literature  on  these  problems.  ' 

0.  G.  Aleksey era  is  the  only  one  who  has  these  data.  She  has  in¬ 
vestigated  the  natural  microflora  of  skin  rf  13  dogs  exposed  to  X-irradiation 
at  a  dose  of  600  r.  All  these  dogs  died  of  radiation  sickness.  The  investi¬ 
gational  technique  was  as  follows:  before  irradiation,  over  the  period  of  an 
acute  radiation  sickness,  and  during  the  tarminal  period,  glass  plates  with 
moat-infusion  agar,  containing  mannite  and  alcoholic  solution  of  bromothymolblne, 
were  applied  to  a  shaved  section  of  skin  of  the  lateral  surface  of  the  dog's 
body.  After  one-day's  incubation  at  37°,  the  total  number  of  colonies  and  the 
number  of  yellow  colonies,  which  breakdown  mannite,  on  the  agar  plates  were 
counted.  The  preliminary  experiments  showed  that  on  plates  with  ordinary  *gar 
(with  no  stain),  applied  to  the  skin  of  dog3,  the  microbes  give  uniform  growth. 

Thus,  0.  G.  Alekseyeva  virtually  studied  the  dynamics  of  microbes 
dwelling  on  the  skin  and  resistant  to  the  stain  in  the  concentration  used. 
According  to  her  data  (Table  1),  under  the  conditions  of  lethal  radiation 
sickness,  the  total  number  of  bacteria  on  the  skin  increases.  A*,  the  Bame  time 
the  number  of  microbes  breaking  down  mannite  grows  larger,  which  vprlfies  the 
activation  of  their  biochemical  properties. 

However,  in  addition  to  a  clear  tendency  to  an  increased  microflon 
of  the  skin  after  a  total-body  irradiation,  in  some  cases  an  opposite  effect 
took  place  (judging  by  the  average  data) — a  decrease  in  the  number  of  bacteria. 
0*  G,  Alkseyeva  noticed  that  this  was  observed  only  in  those  dogs  whose  inital 
number  (background)  of  germs  was  large. 

The  relatively  small  number  of  experimental  animals  does  not  permit 
evaluation  of  the  significance  of  the  initial  values  for  ndcroflora,  for 
comparison  with  the  further  change  due  to  radiation.  /  '  the  same  time,  taking 
into  account  the  peculiarities  of  the  technique  one  may  justifiably  draw  con¬ 
clusions  on  qualitative  deviations  in  the  content  of  microbes,  in  particular 
on  the  change  in  their  sensitivity  to  the  stain  in  the  concentration  used. 

That  is,  taking  into  account  the  peculiarities  of  the  technique,  the 
increase  in  the  number  of  microbes  on  the  skin  of  the  exposed  dogs  can  be  ex¬ 
plained  by  their  greater  stability  to  the  effect  of  the  bactericidal  stain, 
acquired  by  microbes  over  the  process  of  radiation  sickness  of  the  animal. 

The  appearance  of  new  properties--tho  decreased  sensitivity  to  the 
effect  of  antibiotics  (as  noted  above)  and  to  bactericidal  stain,  obviously, 
may  be  explained  by  the  adjustment  of  the  microorganisms  to  unusual  conditions 
appearing  in  the  exposed  organism. 
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Table  1 


Dynamics  of  change  in  the  microflora  of  akin  of  13  irradiated  dog 

a  (600  r) 

Characteristics  of 

Before  irrad¬ 

Over  the  period 

Ante-mortem 

microflora 

iation  (the 

of  acute  radi¬ 

period  (the 

initial  back¬ 

ation  aickneas 

10th-20th 

ground  of  the 

(on  the  3rd 

day)1} 

microflora) 

through  the  l$th 

Mean  number  of  germs  on 

12  cm2  of  skin 

91 

153 

156 

Comparative  evaluation  of 

the  data  in  %  of  the 

.  initial 

100 

157 

160 

Jf  of  microbos,  breaking 

down  mannite 

23.2 

32.8 

80i5 

Comparative  evaluation  of 

the  data  in  %  of  the 

initial 

100 

lU. 3 

1 

316.9 

Notet  Death  of  the  dogs  began  during  the  course  of  an  acute  radiation  sickness 
from  the  10th  day  and  ceased  by  the  20th  day. 


In  analyzing  the  reasons  for  the  quantitative  and  qualitative  change 
in  the  automicroflora  of  the  exposed  animal,  the  fact  of  the  presence  of  dif¬ 
ferent  radiosensitivities  of  higher  organisms  and  microbes  must  be  considered. 
If  doses  in  the  range  of  decimal  fractions  of  roentgens  (in  the  case  of  chronic 
irradiation),  or  hundreds  of  roentgens  (in  a  Bingle  irradiation),  cause 
pathologic  effect  in  higher  organisms,  then  identical  radiation  doses  do  not 
change  microbes  noticeably.  A  radiation  flux  of  several  ten  thousand  roentgen 
is  required  to  damage  the  structure  and  metabolism  of  the  bacterial  cell  (105), 
(0.  G.  Aleksoyeva  and  M,  P.  Domshlak,  (7)). 

It  follows  from  this  that  the  quantitative  and  qualitative  shifts 
in  the  content  of  automicroflora  of  animals  exposed  to  lethal  and  sublethal 
radiation  doses,  are  not  consequences  of  the  direct  effect  of  radiation  cn 
microbes.  These  shifts  occur  as  a  result  of  a  change  in  the  microbes'  en¬ 
vironment,  i.e,  because  of  a  change  in  the  macroorganism  due  to  the  irradi¬ 
ation. 


The  data  from  experimental  infection  of  animals  after  irradiation, 
when  the  direct  effect  of  radiation  on  microbes  is  excluded,  also  confirm  that 
the  main  factor  affecting  the  composition  and  properties  of  automicroflora 
is  the  altered  environment  of  the  animal.  Under  these  conditions  the  micro¬ 
organisms  acquire  other  biochemical  properties  and  changes  in  virulence  and 
reproductive  power. 

There  is  only  one  paper — Liu  and  co-workers  (256) — in  the  foreign 
literature,  which  indicates,  that  the  inoculation  of  typhus  rickettsia  in 
irradiated  mice  (150  r)  increased  the  virulence  of  the  rickettsia  in  young 
mice. 

G.  A.  Chekatilo  (172,  173)  has  vast  experimental  data  concerning 
the  variability  of  microbes  in  an  irradiated  host.  The  data  show  a  possible 
increase  in  the  virulence  of  microbes  under  these  conditions. 
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0.  A.  Chekatilo  has  studied  the  dynamics  of  the  virulent  and  bio¬ 
chemical  properties  of  microbes  isolated  from  induced  focal  infections  in 
the  skin  of  irradiated  guinea  pigs  and  rabbits.  X-irradiation  was  carried 
out  before  iuifection,  which  excluded,  then,  a  direct  effect  of  radiation  on 
microbes.  The  virulence  of  microbe  stocks  was  checked  using  the  method  of 
intraperitoneal  infection  of  white  mice. 

The  white*  saprophytic  staphylococcus,  examined  in  the  experiments 
of  G.  A.  Chekatilo  after  dwelling  in  the  skin  of  exposed  guinea  pigs  (1*81* 
stocks  separated  from  irradiated  animals,  and  2i»8  from  controls,  were  studied) 
in  a  series  of  cases  acquired  pathogenic  properties— broke  down  mannite,  in- 
diced  hemolysis  and  necrosis,  produced  hyaluronidase. 

The  stocks  of  typhoid  bacillus  isolated  from  induced  inflammatory 
foci  of  irradiated  animals  led  to  a  higher  death  rate  of  healthy  mice  in 
comparison  with  the  cultures  of  t;-phoid  microbes  separated  from  the  foci  of 
nonirradiated  control  animals,  i.e.  an  increase  in  the  virulent  properties 
was  observed  (Table  2). 


Table  2 


Change  in  tho  virulence  of  typhoid  microbes  dwelling  in  cutaneous  inflammatory 
foci  of  guinea  pigs  dependant  on  the  radiation  dose  of  the  latter  (according 


to  the  data  of  Q.  A.  Chekatilo). 


bTim 

■WHIPS 

Number 

Died  i 

Number  of 

cultures, 
isolated 
from  the 
foci  of 
guinea  pigs 

of 

mice 

infected 

with 

15  mil. 
microbes 

absolute 

number 

mice  in¬ 
fected 
with  30 
mil. 

microbes 

Absolute 

number 

% 

Non¬ 

irradiated 

61» 

150 

39 

26.0 

150 

75 

5o.o 

Irradiated 

with 

100  r 

1*3 

116 

) 

U8 

1*1.3 

113 

73 

65.1* 

200  r 

28 

68 

28 

1*1.1 

67 

1*6 

68.6 

300  r 

22 

1*9 

19 

38.7 

1*9 

38 

77.5 

As  can  be  seen  from  Table  2,  the  difference  between  the  death  rates 
of  mice  infected  intraperitoneously  with  cultures  of  typhoid  bacilli  at  a  dose 
of  15  mil.  microbes,  from  cutaneous  inflammatory  foci  of  irradiated  guinea 
pigs  (100-300  r),  and  animals  not  subjected  to  irradiation,  amounted  to  12-1$%. 

A  greater  difference,  which  increases  with  increase  in  radiation  dose,  has  been 
obtilneo  in  experiments  in  which  a  dose  of  30  mil.  germs  was  used  for  infection. 
While  the  death  rate  in  the  group  of  mice  infected  with  cultures  from  the  foci 
of  control  animals  (nonirradiated  guinea  pigs)  was  50^,  in  the  other  group  of 
mice  that  received  cultures  from  irradiated  guinea  pigs,  the  death  rate  was 
higher.  The  higher  the  radiation  dose  of  the  guinea  pigs,  the  more  mice  died. 

The  virulence  of  typhoid  bacilli  increased  especially  in  the  cases 
in  which  the  germs  remained  in  the  body  for  a  prolonged  time.  However,  if  such 
cultures  were  in  the  inflammatory  foci  of  nonirradiated  animals  ov«r  the  course 
of  five  days,  then  they  caused  death  to  28%  of  the  control  animals,  but  after 
10  days — U6.9%,  while  the  germs  separated  within  five  days  after  the  infection 
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of  irradiated  animals  induced  death  in  38-62^  of  rice;  isolated  at  more  prolonged 
tines  (10  days  after  infection)  they  caused  death  to  60-705?  of  the  mice  (Table  3)» 
Thus,  the  dwelling  of  germs  in  an  exposod  organism,  with  no  radiation  effect 
on  the  microflora,  leads  to  an  increased  virulence. 


Table  3 

Dependence  of  the  virulence  of  typhoid  bacilli  on  the  duration  of  their  dwelling 
In  cutaneous  inflammatory  foci  of  irradiated  and  nonirradiated  guinea  pigs,  (ac¬ 
cording  to  the  data  of  0.  A.  Chakatllo). 

“  Death  rato  of  mice  infected1'  with  cultures  preserved  In 


tures  isolatod 

within  5  days 

(1*5  stocks) 

6-10  days 

(86  stocks) 

more  than  10  day  5^ 

from  the  foci 

number  of 

died 

; 

lumber  of 

died 

number  oi 

of  guinea  pigs 

infected  mica 

abs.  no. 

2. 

infected 

mice 

abs.  no. 

infect. 

mice 

abe. 

no* 

H 

a  dose  i  100  r 

82 

fl'-iHliii! 

2deC 

66 

32 

66 

ji 

1*6.9 

16 

10 

62.5 

13U 

58 

1*3.2 

79 

53 

67.0 

200  r 

ill! 

17 

38.fi 

68 

1*0 

>8.8 

23 

17 

73 .9 

300  r 

_ 

78 

1*5 

>7.6 

20 

12 

60.0 

toe  let 


?-) 


The  mice 
culture  at 


were  infected  intraperitoneally  with  a  suspension  of  1  day  old  agar 
,t  a  dose  of.  15-30x10°  germs  in  a  volume  of  0.2  ml. 


Ability  to  multiply  in  the  tissues  of  a  certain  species  of  animals 
is  one  of  the  mo3t  characteristic  features  of  the  pathogenic  microorganisms. 

As  the  investigations  of  V.  F.  Sosova  (15C,  152)  indicated,  nonpatho- 
genic  coliform  bacteria,  injected  subcutaneously  in  healthy  rabbits  and 

in  rabbits  at  the  beginning  of  radiation  sickness,  are  not  able  to  develop. 
However,  during  the  period  of  acute  radiation  sickness  the  same  coliform 
bacterium  has  the  ability  to  multiply  intensely,  i.e.  it  behaves  like  a  pathogen. 

From  Fig.  1  it  can  be  seen  clearly,  that  the  infection  of  rabbits 
with  a  culture  of  coliform  bacteria  at  a  dose  of  200  mil.  bacteria  (according 
to  the  optical  standard)  within  3-5  days  following  a  lethal  X-ixradiation 
(1100  r)  leads  to  the  accumulation  of  several  thousand  times  more  germs  in  the 
cutaneous  inflammatory  foci  than  in  nonirradiated  animals  or  animals  irradiated 
but  infected  within  the  first  day  following  exposure.  The  number  of  microbes 
(calculated  per  1  gr.  of  tissue)  was  determined  by  means  of  seeding  of  dilute 
batches  of  the  focal  tissues  within  1*8  hours  after  infection. 

The  data  on  other  variations  of  the  experiments  of  V.  F.  Sosova  (152) 
in  which  a  10-fold  smaller  dose  of  the  intestinal  coliform  bacteria  (20  mil. ) 
was  used  for  the  subcutaneous  infection  verify  the  possibility  of  intense  multi¬ 
plication  of  nonpathogenic  microbes  in  the  tissues  of  an  irradiated  host.  After 
1*8  hours  following  infection,  the  number  of  microbes  in  1  gr  of  the  tissue  of 
the  inflammatory  focus  of  each  of  the  irradiated  rabbits  was  10-100  times  larger 
than  the  number  injected,  which  is  approximately  equal  to  the  number  of  coliform 
bacteria  at  identical  inflammation  times,  but  after  infection  with  200  mil. 
microbes.  At  the  same  time  the  mass  of  microbes  in  the  inflammatory  foci  of  a 
nonirradiated  animal  decreases  significantly  (Table  i*). 

The  paper  of  Smith  and  Wood  (305)  indicates,  cnat  after  intramuscular 
infection  of  irradiated  mice  with  pneumococci,  the  number  of  living  microbes  in 
the  injection  sites  exceeded  the  number  of  microbes  in  the  control  animals  by 
several  thousand  times  (Fig.  2). 
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2  hrs.  1  day  2  days  3-5  day* 
Infection  tine  following  exposure. 


Fig.  1.  Increase  in  the  number  of 
intesti'.val  coliform  bacteria  in 
cutaneous  inflammatory  foci  of 
irradiated  rabbits  (1100  r)  dependent 
on  the  time  of  tho  intracutaneous 
infection  following  a  total-body 
X-irradiation. 

The  histograms  show  data  on  the 
number  of  microbes  in  irradiated 
rabbits.  The  figures  at  the  left 
side  show  how  many  times  the 
number  of  microbes  in  the  cutaneous 
focus  of  an  exposed  rabbit  is 
larger  than  the  mean  number  of 
germs  in  the  foci  of  nine  control 
animals. 


Table  U 


Data  verifying  the  multiplication  of  nonpathogenic  coliform  oacteria  in  the 
tissues  of  exposed  rabbits  after  intracutaneous  infection  within  3  days  following 

irradiation  (1100  r). 

A1  7VI  ,  i'  '  I"'  ■■  ■■■■— Mi  .■■n  i.  ■■■■  ii  mymmm  ■  fc.  ■  I  mmmirn  ■  —  m  i  ■  -  i  ■  i  ■  ■  , 


HH 

Doses  of  microbes 
in  0.2  ml.  used 
for  infection 

Number  of  living  microbes  in 
1  g  of  tissue  of  the  inflamm¬ 
atory  focus  within  It8  hours 
following  infection. 

1989 

Irradiated 

2  x  loj 

2  x  10° 

2.0  x  lO* 

U.U  x  lo9 

1990 

M 

2  x  10? 

2  X  108 

2.2  x  108 

1.0  x  109 

1953 

Nonirradiated 

2  x  10 1 

2  x  105 

1.0  x  loj1 

8.0  x  1Q« 
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An  increased  content  of  microbes  in  inflamed  tissues  of  irradiated 
animals  was  observed  also  after  infection  with  staphylococci  (139),  petrussal 
coliforn  bacteria  (lf>3),  and  influenza  virus  (lhj>).  As  was  mentioned  previously, 
3.  G.  Avotikian  and  A.  G.  Artemova  (1)  have  found  more  microbes  in  the  inflamed 
appendix  of  irradiated  mice,  than  in  a  similar  focus  of  autoinfection  of  animals 
not  subjected  to  irradiation. 


Fig.  2.  Change  in  the  number  of  pneumococci’ of  types  I  and  III  in  infected 
leg  muscles  of  nonirradiated  and  irradiated  mice  (according  to  the  data  of 
Smith  and  Wood  (305)). 


Thus,  the  data  presented  indicate,  that  the  properties  of  bacteria 
in  an  irradiated  organism  change.  New  biochemical  characteristics  appear  in 
microbes,  and  the  stability  to  some  agents  (antibiotics,  bactericidal,  stain) 
increases,  a3  does  the  virulence  and  reproductive  power. 

These  new  properties  in  microbes  are  induced  by  the  effect  of  the 
macroorganism  which  has  been  changed  by  the  action  of  the  penetrating  radi¬ 
ation,  and  in  particular,  by  damage  to  the  mechanisms  of  natural  immunity. 

Basically  the  damage  to  natural  defenses  leads  to  ar.  increased 
•permeability  of  the  mucosa  of  tho  intestines  and  respiratory  tracts  to  microbes. 
The  number  of  cells,  which  carry  out  phagocytosis  decreases, the  barrier  function 
of  lymph  nodes,  becomes  disturbed  bactericidal  efficiency  of  blood  serum  and 
bactericidal  function  of  the  body  covers  decreases,  trophic  and  metabolia 
processes  in  tissues  change,  and  ability  to  produce  antibodies  is  disturbed. 

Some  of  these  changes  can  create  favorable  conditions  for  invasion  of  the 
autoflora  by  germs,  others  may  stimulate  a  further  multiplication  and  spreading 
of  the  microbes  in  the  organism. 

Consequently,  in  studying  the  reasons  for  the  development  of  auto¬ 
infection,  in  radiation  sickness  one  has  to  take  into  account  the  facts  of 
changes  in  the  macroorganism  as  well  as  in  the  microbes— commensals— under  these 
conditions . 


The  analysis  of  data  on  the  consequences  of  atomic  bombs  dropped 
by  the  Americans  on  the  cities  of  Japan  in  19hSt  and  data  of  numerous  tests 
with  experimental  irradiation  of  animals  showed  that  angina,  pneumonia,  enteritis, 
ulcerous  colitis,  sepsis,  and  other  infection  complications  develop. 

The  study  of  bacterial  cultures  from  the  blood  and  organs  of  ir¬ 
radiated  humans  and  animals  (219,  227,  27U,  265  and  others)  showed  that  the 
infections  appearing  in  radiation  sickness  are  consequences  of  autof.nfection 
by  microbes— commensals— which  are  the  ordinary  dwellers  of  the  Upper 
respiratory  tracts,  cutanoous  covers,  and  for  the  main  part,  of  the 
intestines. 


Of  microbes  dwelling  in  the  intestines  of  animals  different  species 
of  intostinal  coliform  bacteria,  the  representatives  of  the  Salmonella  group, 
olue  pus  bacteria,  different  Proteus  strains,  yeast,  enterococci,  micrococci, 
more  rarely  anaerobes,  were  found  in  tissues;  hemolytic  streptococcus,  green 
streptococcus,  white  and  golden  staphylococcus,  diphtheroids  were  also  de¬ 
tected  among  the  representatives  of  the  flora  of  the  mucous  and  cutaneous 
membranes . 


This  summary  of  the  species  of  microbes  found  in  the  tissues  of  irradiated 
animals  allows  one  to  sot  up  a  connection  between  the  infectious  complications 
in  radiation  sickness  and  the  automicroflora  of  an  animal,  and  the  paper  of 
Bradner,  Bernstein  and  McCarthy  (193)  removes  all  doubts  in  this  problem. 

Three  kinds  of  microorganisms:  Proteus  mirabilis.  Paracolon  bactrum. 
Pseudonomas  aeruginosa,  separated  by  these  authors  from  the  blood  of  irradiated 
mice  and  studied  by  the  serological  method,  proved  to  be  identical  oy  their 
antigenic  structure  to  the  kinds  of  bacteria  which  are  found  in  the  intestines 
of  the  same  animals  before  irradiation. 
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Fig.  3.  Dynamics  of  change  in  the  number  of  microbes  in  the  tissues  of  rats 
at  different  times  following  exposure  to  600  r. 


The  role  of  the  intestines,  with  their  raicroflora,  as  a  source  of 
autoinfection  was  confirmed  also  by  the  experiments  of  R.  V.  Petrov  (125), 
in  which  the  rats  were  killed  at  daily  intervals  after  irradiation  (600  r) 
in  groups  of  five  animals  to  obtain  simultaneously  cultures  from  the 
mesentorial  nodes,  the  spleen  and  the  blood.  The  observation  showed  that 


10 


»icrobo3  which  penetrate  the  intestines  gradually  spread  throughout  the 
organism.  Thus  within  two  days  following  irradiation,  the  microbes  could  be 
separated  only  from  mesenteric  nodes;  somewhat  later,  after  three  days,  from 
the  spleen;  and  only  it-5  days  fallowing  exposure,  the  microbes  were  deteated 
in  blood. 


The  stage  of  seeding  by  microbes  of  the  tissues  investigated  in¬ 
creased  until  the  10th  day,  the  death  time  of  the  animals  (Fig.  3). 

On  the  basis  of  these  data  R.  V.  Petrov  has  suggested"  four  periods 
in  the  development  of  autoinfection  in  an  irradiated  organism! 

1)  period  of  sterility — lasts  through  one  day  after  irradiation; 
thore  are  no  microbes  in  the  organs; 

2)  period  of  seeding  of  the  regional  lymph  nodes— lasts  2  to  3  days 
after  irradiation;  microbes  can  be  found  only  in  lymph  nodes; 

3)  the  period  of  a  relative  compensation  of  reticulo-endothelial 
system;  tho  fixing  capacity  of  the  organs  of  reticulo-endothelial  system  is 
still  well  preserved,  and  in  consequence  bacteria  from  blood  can  be  separated 
rarely  and  only  in  small  numbers;  it  covers  time  from  the  3rd  to  the  7th  day; 

1)  the  period  of  decompensation  of  defense  mechanisms  is  characterized 
by  a  sharp  increase  in  the  number  of  microbes  in  organs  and  blood;  this  precedes 
doath  of  tho  animals. 

It  should  be  noted,  that  these  observations  were  carried  out  on  one 
species  of  animals  only  (rats)  using  a  dose  of  600  r.  At  other  radiation  doses 
and  "in  other  species  of  animals  the  periods  indicated  might  have  other  starting 
times  and  different  durations. 

The  possibility  of  the  infection  of  an  irradiated  organism  by  bacteria 
dwelling  on  mucosae  of  respiratoxy  tracts  Is  shown  in  the  paper  of  A.  i£,  Ivanov 
and  V.  F.  Sosova  (55).  According  to  their  observations,  intratracheal  infection 
of  e-rposod  rabbits  (800-1100  r)  led  to  the  penetration  by  pathogenic  (pneumo¬ 
coccus  of  type  I)  as  well  as  by  nonpathogenic  (pneumococcus  of  type  III,  coliform 
bacterium)  cultures  of  microbes  in  the  blood  circulation.  At  the  same  time  in 
the  blood  of  nonirraaiated  animals,  one  could  detect  only  pneumococcus  of  the 
type  III  pathogenic  for  this  species  of  animals. 

To  determine  the  degree  of  susceptibility  of  exposed  organisms  to 
infection,  numerous  investigators  have  undertaken  studies  on  experimental  in¬ 
fection  of  different  species  of  animals  by  uning  all  known  methods  of  infection. 
Nonpathogenic  and  pathogenic  microorganisms  have  been  tested  in  the  experiments: 
the  intestinal,  typhoid,  dysenteric,  tubercular,  diphtherial,  pertussal  bacteria, 
Bacillus  anthracis,  microbes  of  the  Salmonella  group,  blue-green  rods,  the  rod 
of  protens,  b.  perfringens,  avirulent  plague  rod,  leptospirosis,  viruses  of  in¬ 
fluenza,  smallpox,  trypanosoma  and  a  series  of  other  microbes,  viruses  and 
protozoans  (69,  139,  11*0,  1U5,  152,  153,  163,  200,  203,  205,  212,  221:,  229, 

230,  236,  237,  2U0,  21*7,  255,  260,  261,  262,  269,  271,  293,  29U,  295,  297, 

299,  303,  301:} 

The  results  of  these  investigations  lead  to  the  conclusion,  that  in 
animals  subjected  to  median  lethal  radiation  doses,  resistance  to  infections 
decreases,  with  the  result  that  an  accelerated  seeding  of  the  organs  and  blood 
with  microbes,  a  shortening  of  the  life  span  and  a  lower  survival  rate  are 
observed. 
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The  data  of  those  papers  allow  one  to  draw  three  conclusions,  of 
practical  importance. 

1.  The  irradiated  organism  becomes  more  susceptible  to  infections 
inducod  not  only  by  pathogenic  microbes,  but  also  by  microbes  of  the  commensal 
type. 


2.  Decreased  resistance  to  infectious  agents  increases  with  the 
development  of  radiation  sickness  and  it  is  especially  pronounced  during  the 
period  of  its  acute  course. 

3.  Infection  complications  can  be  a  direct  cause  of  death  in 
radiation  sickness. 

The  investigations  of  prof.  I.  A.  Pigalev  and  B.  B.  Moroz  (129), 
which  showed  that  resistance  to  infection  decreases  not  only  due  to  external 
radiation,  but  also  duo  to  the  penetration  of  radioactive  substances  in  the 
organism,  are  of  a  special  interest.  When  mice  subjected  to  polonium  or  radio¬ 
thorium  were  infected  with  pneumococci,  sepsis  developed  rapidly  and  the 
animals  died  in  larger  numbers  than  irradiated  only  or  infected  only  with 
this  microorganism. 

The  determination  of  the  important  role  of  the  germ  factor  in  radi¬ 
ation  sickness,  naturally,  leads  one  to  hope  that  antimicrobial  methods  will 
assist  in  preventing  and  treating  infection  complications  and  thus  increase 
the  efficiency  of  the  therapy  of  radiation  sickness. 

The  use  of  different  antibiotics  separately  and  in  combination- 
penicillin,  streptomycin,  terramycin,  aureoiiycin  (lk8,  157,  216,  219,  220, 

221,  227,  228,  233,  235,  2k7,  261,  26k,  266,  302,  32k)  and  others  decrease 
the  seeding  of  microbes  from  blood,  prolong  the  life  span  of  the  irradiated 
animals  and  increase  their  survival  rate.  The  be3t  results  were  obtained 
by  M.  A.  Tumanian  and  Z.  V.  Shevtsova  (16k),  who  used  a  mixture  of  penicillin 
streptomycin  and  lovomycetin  in  their  experiments  with  irradiated  apes. 

The  favorable  effect  of  antibiotics  confirmed  the  concept  of  the  im¬ 
portance  of  the  role  of  the  microbe  factor  in  radiation  injuries.  At  the  same 
time  it  was  shown  clearly,  that  the  microbial  factor  is  not  the  only  one  (as 
was  assumed  by  several  authors  at  one  time),  which  results  in  death  to  the  ex¬ 
posed  organism. 

The  possibilities  of  decreasing  the  number  of  unfavorable  end  results 
in  radiation  sickness  due  to  infectious  complications  are  not  exhausted  as  yet. 
Further  study  of  the  immunobiologlcul  reactivity  of  the  organisms  injured  by 
radiation  and  detection  of  efficient  schemes  for  the  use  of  antibiotics  will 
widen  these  possibilities. 
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State  of  Natural  Inuainity  in  an  Irradiated  Organism. 

The  development  of  autoinfection  in  an  irradiated  organism  described 
in  the  first  chapter  is  connected  not  only  with  the  acquiring  of  new  biological 
properties  of  the  microbes  of  the  autoflora,  but  chiefly  with  disturbances  in 
the  immunological  reactivity  of  the  irradiated  organism;  the  present  chapter 
of  this  book  will  be  dedicated  to  a  detailed  account  of  these  disturbances. 

I.  I.  Mechnikov-'-)  emphasized  the  fact  that  nonsusceptibility  to 
infections  is  a  complex  phenomenon,  which  depends  on  many  factors . 

It  is  well-known,  that  the  intensity  of  the  natural  immunity  depends 
on  the  physiological  state  of  all  systems  of  the  organism.  The  integration 
of  these  systems,  their  dependence  on  nervous  and  endocrine  regulation,  and  the 
effoct  of  the  environmental  factors  contribute  to  the  complexity  of  the 
mechanism  of  the  resistance  of  the  organism  to  the  microbes.  On  the  basis 
of  examination  of  the  literature  data  and  experiments,  many  authors  in  their 
papers  have  pVovan  the  dependence  of  the  state  of  norcusceptibility  on  the 
level  of  total  reactivity  of  the  organism,  functional  state  of  the  nervous 
system  (3,  1*9,  10  and  others),  enucdne  regulation  (15,  103,  28,  29  and  others), 
food  rich  in  protein  and  vitamins  (61,  111*,  12,  226,  306),  and  seasonal  and 
climatic  factors  (60,  161,  162  and  others). 

This  summary  could  be  continued  by  indicating  the  papers  that  show 
correlation  between  the  phenomena  of  immunity  and  the  functions  of  different 
systems  and  organs  and  the  effects  of  various  drugs,  other  factors  of  the 
environment  and  so  on,  on  immunity.  But  the  present  chapter  aims  at  solution 
of  the  problem  not  of  the  nature  of  immunity  as  a  biological  factor,  but  of  its 
alteration  by  such  an  environmental  factor  as  ionizing  radiation.  We  are 
interested  only  in  the  effect  of  substantial  radiation  doses  which  cause 
radiation  sickness. 

At  present  many  reviews  on  the  problems  of  the  pathogenesis  of  radiation 
sickness  are  published  in  the  native  and  foreign  literature;  from  these  it  can 
be  seen  that  during  this  sickness  the  physiological  state  of  all  systems  of 
the  organism  changes.  Consequently,  one  may  assume  a  priori,  that  the  state  of 
natural  immunity  will  also  be  altered  to  a  large  extent .  However,  the  published 
experimental  papers  on  studies  of  the  immune  state  following  irradiation  have  a 
General  shortcoming!  absence  of  a  correlated  investigation  if  not  at  all,  then 
at  least  of  the  more  important  mechanisms  of  immunity  together  with  a  clinico- 
physiological  investigation  of  the  pathogenesis  of  radiation  sickness.  The 


investigators  usually  studied  some  one  mechanism  of  resistance  dependent  on 
the  dose  and  more  rarely  on  the  phase  of  the  radiation  response.  And  even  if 
investigation  of  sevoral  mechanisms  -ras  carried  out,  then  each  study  was  done 
on  different  groups  of  animals.  Therefore  in  the  present  review  we  are  com¬ 
pelled  to  describe  the  change  in  the  various  mechanisms  of  non susceptibility 
individually,  and  in  our  conclusions  ue  shall  attempt  to  give  the  scheme  of  the 
total  complex  of  chang  dependent  on  the  phase  of  radiation  sickness.  For  the 
samo  reason,  we  are  not  -ole  to  confirm  our  concept  cf  the  causes  of  the  dis¬ 
turbances  that  occur  in  the  mechanism  of  nonsuscoptibility,  by  data  based  on 
facts.  V/e  do  not  know  of  any  papors  devoted  to  experimental  clarification  of 
the  effoct  of  nervous  and  endocrine  regulation,  as  altered  by  radiation  sick- 
noss,  on  the  processes  of  immunity,  disturbances  in  metabolism,  enzyme  systems 
and  oxygen  saturation  of  tissues.  It  is  possible  to  state  one's  opinions  on 
those  disturbances  as  original  causes  for  change  in  the  immunity  only  on  the 
basis  of  a  comparative  analysis. 

Thus,  let  us  procoed  to  the  description  of  the  state  of  various 
immunity  factors  in  irradiated  animals. 

The  first  barriers  which  limit  the  distribution  of  causes  of  in¬ 
fectious  sicknesses  and  microbes  of  the  autoflora  in  the  organism  are  the 
mucosae  and  skin.  In  a  healthy  organism  they  are  nonpenetrable  for  commensals 
and  for  a  majority  of  the  pathogenic  microbes.  But  various  pathologic  processes 
can  change  their  permeability.  Radiation  increases  the  permeability  of  such 
a  vitally  important  barrier,  as  the  mucosa  of  the  gastrointestinal  tract  to 
microbes  and  toxins  which  results  in  the  seeding  of  the  organism  with  conditionally 
pathogenic  bacteria  (192,  67,  1$8) .  In  irradiated  animals  even  tho  permeability 
of  vascular  walls  (111,  112,  90  and  others)  and  ophthalmic  and  cutaneous 
barriers  (66)  has  been  found  to  be  increased. 

But  the  barrier  function  of  the  tegmina  of  the  organism  is  limited 
not  only  by  the  permeability  function  (or,  more  correctly,  nonpcrmeability  for 
bacteria).  It  is  known,  that  excretions  and  secretions  of  skin  and  mucosa  may 
exert  a  bactericidal  effect. 

In  the  literature  accessible  to  us  we  failed  to  find  experiments  on 
bactericidal  properties  of  covers  of  irradiated  animals,  except  for  the  in¬ 
vestigations  of  the  authors  of  this  book. 

.N,  N.  Klomparskaya  has  worked  cut.  a  mothod  for  the  determination 
of  the  bactericidal  properties  of  skin.  It  is  as  follows:  a  dilute  portion 
of  the  broth  culture  of  coliform  bacterium  is  transferred  to  skin  (shaved  or 
free  of  hair  cover).  Then  imprints  of  skin  are  taken  on  glass  plates  with 
Endo  medium  after  different  time  periods,  as  for  instance,  10-15-30  and  hS 
minutes.  Colony  counts  after  incubation  of  the  plates  at  37®  for  2 In  hours 
enables  one  to  evaluate  the  decrease  in  the  number  of  living  bacteria  during 
the  observation  period.  By  means  of  this  technique  N.  N.  Klemparskaya  first 
studied  the  bactoricidal  activity  of  the  skin  of  exposed  animals  (80).  The 
effect  of  radiation  at  a  dose  of  hOO,  800  and  1100  r  on  the  bactericidal 
activity  of  the  skin  of  the  belly  and  of  ears  of  rabbits  was  investigated 
(126  tests  on  17  animals  were  carried  out).  Thus,  N.  N.  Klemparskaya  has 
established,  that  after  irradiation  a  decrease  in  the  first  stage  of  bactericidal 
activity  (within  15  min.  after  smearing)  is  observed,  which  is  first  shown  by 
the  skin  of  belly  (on  the  1st  or  2nd  day),  and  later  by  the  skin  of  the 
oar  (within  3-5  days). 

The  appearance  of  a  « local  leucopenia  >>  (i.o.  decrease  in  the 
number  of  leucocytes  in  blood  taken  from  the  cutaneous  vessels  of  the  belly) 
in  the  presence  of  a  normal  or  increased  number  of  leucocytes  in  blood  taken  from 
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tho  ear,  could  be  observed  parallel  to  the  change  in  the  bactericidal  properties. 
Generally,  in  the  skin  of  .  .ie  belly,  the  depression  of  bactericidal  properties 
(Fig.'  1j)  as  well  as  the  regional  leukopenia  ware  more  prominent,  which,  obviously 
could  be  attributed  to  the  reflex  effect  of  the  injured  abdominal  organs, 
especially  the  intestines. 


Observation  time  in  minutes.. 


Fig.  li.  Graphic  representation  of  the  results  of  investigations  on 
bactericidal  properties  of  the  skin  of  a  rabbit  exposed  to  a  dose  of 
1100  r. 

The  solid  line  designates  the  number  of  living  bacteria  on  the  skin  of 
the  belly,  the  broken  line:  the  number  of  living  bacteria  on  the  skin 
of  the  ear. 


0.  G.  Alekseyeva  with  A.  A.  Kanarevskaya  investigated  the  bactericidal 
properties  of  skin  of  the  lateral  body  surface  in  five  dogs  exposed  to  600  r. 

The  authors  noted,  that  within  l-l£  hours  following  irradiation,  an  increase  in 
the  bactericidal  properties  of  the  skin  in  four  dogs  was  observed  (within  1$ 
minutes,  10-15$  more  bacteria  died  than  before  irradiation).  At  the  climax  of 
the  clinical  syndrome  of  radiation  sickness  a  pronounced  depression  of  bactericidal 
activity  appeared.  On  the  last  days  before  death  a  slight  increase  in  bactericidal 
properties  of  the  skin  of  the  irradiated  dogs  was  observed,  which  failed  to  attain 
the  initial  (preirradiation)  level  in  three  animals. 

R.  V.  Petrov  in  his  studies  of  the  oa^tericidal  properties  of  *he  skin 
of  the  lateral  surface  of  the  body  in  19  dogs  expi sed  to  definitely  lethai  doses 
of  1630-3000-3330-5970  r,  noted,  that  the  higher  the  bactericidal  activity  of 
the  skin  of  dogs  before  irradiation,  the  longer  they  lived  after  the  exposure  to 
lethal  doses.  The  increase  in  the  life  span  of  these  dogs  was  equal  to  1-3 
days.  Tnese  tests  proved  once  more,  that  the  bactericidal  properties  of  skin 
reflect  the  effect,  of  the  general  reactivity  of  the  organism. 

A  co-workor  in  our  laboratory — 0.  R.  Nemirovich-Danchenko — in  her 
studies  of  the  bactericidal  properties  of  the  skin  of  dogs  treated  with  a  dose 
of  polonium  of  0.1  mC  per  1  kg  weight,  observed  a  depression  of  these  properties 
during  the  period  of  development  of  radiation  sickness.  This  depression  was 
more  pronounced  in  untreated  animals. 
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Thus,  our  experiments  allow  one  to  conclude,  that  during  the  period 
of  dovelopment  of  the  clinical  syndrome  of  radiation  sickness  a  decrease  in 
the  bactericidal  activity  of  the' skin  and  especially  of  the  skin  of  the  belly 
appears.  During  the  primary  reaction  to  radiation,  when  stimulation  of  the 
functional  activity  of  the  nervous  system  takes  place,  an  increase  in  metabolism 
and  stimulation  of  the  hematopoietic  organs  are  observed;  one  can  detect  also 
the  activation  of  bactericidal  properties  of  skin.  Sometimes,  on  the  days 
immediately  before  death  activation  of  the  bactericidal  properties  of  the  skin 
of  the  animal  also  takes  place,  although  more  frequently  there  is  a' sharp  de¬ 
pression  of  the  bactericidal  activity.  The  climiax  of  radiation  sickness  is 
characterized  by  a  more  or  less  pronounced  depression  of  the  bactericidal 
properties  of  skin  towards  non-adapted  microbes  (coliform  bacterium) .  The 
results  of  the  studies  of  the  microflora  of  the  skin  of  dogs  exposed  to  600  r 
(see  experiments  of  0.  Alekseyeva  in  I  chapter)  indicate  a  depression  of 
the  bactericidal  properties  of  skin  also  towards  its  autoflora. 

Xn  the  discussions  of  the  bactericidal  properties  of  tegmina  it  is 
proper  also  to  mention  the  state  of  the  bacteriolytic  activity  of  saliva. 

Saliva  continuously  washes  the  mucosa  of  the  oral  cavity,  mouth  and  tonsils 
and  thus  stimulates  the  purification  of  the  latter  from  microbes.  Besides 
the  mechanical  purification  which  is  brought  about  not  only  by  the  flow  of  the 
liquid,  but  also  by  the  absorption  of  bacteria  by  the  epithelial  cells  and 
their  phagocytosis  by  leucocytes, --saliva  also  possesses  bacteriolytic  pro¬ 
perties.  These  properties  are  characteristic  of  saliva  because  of  the  presence 
of  the  enzyme  lysozyme. 

Xn  the  literature  accessible  to  us  we  did  not  find  experiments  on 
the  investigation  of  the  lysozyme  content  in  the  saliva  of  animals  with  acute 
radiation  sickness.  But  a  mention  is  made  in  the  literature  of  xhe  decrease 
in  the  lysozyme  content  in  tile  tissues  of  irradiated  animals  (189)*  This 
loads  us  to  assume,  that  its  amount  in  saliva  has  altered. 

In  the  determination  of  the  amount  of  lysozyme  in  saliva,  only  the 
data  of  0.  H,  Alekseyeva  are  at  our  disposal.  The  saliva  was  taken  from  a 
fistula  of  the  parotid  gland  of  four  dog3  with  chronic  radiation  sickness. 

Over  a  period  of  6-7  months  the  dogs  received  daily  (except  for  Sundays)  with 
their  food  1  US  per  1kg  of  weight  the  radioactive  isotope  Sr-*\  The  experi¬ 
ments  are  not/  yet  completed,  but  some  preliminary  results  can  be  presented. 

An  increase  in  the  amount  of  lysozyme  (by  1-i;  dilutions)  within  3-U  months  after 
the  beginning  of  treatment  was  observed  in  two  dogs^  which  according  to  h.  n. 
Klimova,  had  the  strong  type  of  higher  nervous  activity.  However,  within  a 
month  following  the  end  of  the  treatment  a  tendency  to  a  decrease  in  lysozyme 
amount  was  exclbited.  The  results  in  two  dogs  with  a  weak  type  of  higher  nervous 
activity  wore  not  identical j  parallel  to  the  depression  of  the  reflex  activity  a 
significant  decrease  in  the  titres  of  lysozyme  during  the  entire  observation 
'period  took  place  in  one  dog.  The  changes  in  the  second  dog  occurred  corresponding 
to  the  type  of  changes  in  dogs  with  a  strong  type  of  higher  nervous  activity, 
except  that  the  activation  phase  appeared  later  (within  six  months  following 
the  beginning  of  treatment. 

Therefore,  even  during  chronic  radiation  sickness,  there  is  a  perverted 
production  of  lysozyme  by  salivary  glands;  considering  this,  there  is  a  foundation 
for  assuming  a  disturbance  of  this  process  during  acute  radiation 

sickness. 


Thus,  after  irradiation  the  first  barrier— the  body  skin— becomes 
permeable  not  only  for  pathogenic,  but  even  for  conditionally  pathogenic 
microbes.  The  microbes  penetrate  into  the  lymph  spaces  and  can  be  taken  to 
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•„ he  r.ext  harrier  by  the  flow  of  lymph— to  the  lymph  nodes.  But  in  radiation 
rricknoSb,  tho  barrier  function  of  lymph  nodes  is  greatly  disturbed.  The  de¬ 
pression  of  the  barrier  functions  was  proven  convincingly  by  P.  N.  Kiselev 
and  co-workors  (67,  71)  and  the  experiment  of  3.  0.  Avetikian  and  A.  G. 

Artomova  (1). 

After  overcoming  the  barrier  mechanisms,  the  microbes  get  into  the 
blood  stream.  Horo  various  bacteriostatic  and  bactericidal  substances  affect 
them  and  the  microbes  are  subjected  to  phagocytosis. 

r 

A  normal  serum  has  the  property  of  destroying  some  microbes.  A 
series  of  authors  have  indicated  the  decrease  in  this  capability  in  irradiated 
animals.  Some  of  them  investigated  the  complement  titres,  others  followed  the 
bactericidal  effect  of  serum  on  a  suspension  of  microbes  in  in  vitro  tests. 

Tho  depression  of  the  capability  of  the  blood  serum  to  destroy  microbes  took 
place  not  only  at  lethal  radiation  doses  (76,  280),  but  also  at  sublethal  ones 
(188,  259). 

The  data  in  the  literature  on  the  time  of  appearance  of  this  de¬ 
pression  are  contradictory!  some  of  them  show  a  decrease  in  the  lytic  properties 
already  by  2h  hours,  others  only  after  i*-5  days  following  irradiation.  But 
all  authors  agree  on  the  restoration  of  bactericidal  properties  of  blood  and 
high  titres  of  complement  during  the  reparation  period*  if  the  experimental  animal 
recovers. 


In  195h,  a  report  was  published,  showing  that  Pillemer  and  co-workers 
(276,  277)  have  separated  a  new  serum  protein — properdin — ,  which  possesses  a 
pronounced  bactericidal  property >  and  was  successfully  used  by  the  authors  in 
the  therapy  of  radiation  sickness.  Its  therapeutic  use  was  based  on  the  data 
on  the  decrease  in  its  quantity  in  irradiated  animals:  25-35  units  were  found 
in  normal  serum  of  rats,  Jj-6  units  from  the  second  day  following  expo -mire  to 
500  r,  and  less  than  a  unit  ^hiring  the  period  from  the  7th  to  the  17th  day. 

In  addition,  blood  contains  specific  antibodies  formed  as  a  result 
of  active  immunization.  There  is  a  vast  literature  on  the  effect  of  radiation 
on  the  production  of  specific  antibodies  and  it  has  been  summarized  many  times 
in  reviews  (313,  31ii,  158),  to  which  we  refer  our  readers.  But  here  we  shall 
only  mention,  that  the  production  of  specific  antibodies  is  significantly  in¬ 
hibited  during  the  period  of  clinically  observed  acute  radiation  sickness. 

The  question  arises:  what  is  the  mechanism  of  depression  of  the 
production  of  normal  and  specific  antibodies  in  radiation  sickness 7  This 
question  is  complex,  and  undoubtedly  there  is  no  clear  answer  to  it  as  yet. 

Some  authors  point  out  the  significance  of  the  damage  to  the  organs  rich  in 
lymphoid  elements  (spleen,  appendix),  others  ascribe  significance  to  the 
granulocytopenia,  the  third  group  blame  primarily  the  disturbances  in  the 
immunochemical  properties  of  serum  proteins  (2 i:5,  313,  128,  3lU). 


As  is  known,  the  destruction  of  microbes  in  blood  may  bo  due  not  only 
to  the  presence  of  normal  and  specific  antibodies  in  serum,  but  also  to  the 
phagocytic  activity  of  its  cells. 

Studier.  of  the  phagocytic  properties  of  blood  leucocytes  in  in  vitro 
tests  and  more  rarely  in  in  vivo  test?  with  leucocytes  in  peritoneal  exudate 
were  carried  out  by  many  investigators  and  were  started  long  ago.  The  majority 
of  investigators  recorded  a  depression  of  the  phagocytic  activity  of  leucocytes. 
Several  authors  indicated,  that  this  depression  is  displayed  only  on  the  2nd 
through  the  7th  day  following  irradiation.  The  following  papers  discuss  the 
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dop-ossion  of  the  phagocytic  activity  of  leucocytes:  Schwienhorst  (292), 

G-honig  (209),  Rosselet  and  Sarian  (28U),  Wilkinson  (326),  V.  V.  Domidas  (1*1), 
p~  K.  Kiselev,  V.  N.  Sivertseva  and  P.  A.  Buzin  (76),  Fishman  and  Shechmeister 
(21lij  and  others.  In  1956,  a  paper  was  published  by  Donaldson,  Marcus,  Ko  Oui 
and  Percins  (210)  who  were  the  first  to  pay  great  attention  to  the  second 
phaso  of  phagocytosis— intracellular  digestion.  They  proved,  that  on  the 
6th  to  the  lhth  day  or  from  the  6th  to  the  26th  day  (depending  on  the  radi¬ 
ation  dose)  of  radiation  sickness,  the  intracellular  digestion  in  mice,  which 
received  an  intraperitoneal  injection  of  fowl  erythrocytes  following  exposure 
to  350-h50  r,  ceased  almost  completely.  The  disturbance  of  the  intracellular 
digestion  was  attributed  by  the  authors  to  a  change  in  phagocytes,  not  to  the 
change  in  antibodies  (opsonins).  Our  inve.  tigations  also  show,  that  the 
phagocytic  activity  of  leucocytes  fails  to  decrease  immediately  after  irradiation. 

In  their  studies  of  the  phagocytic  activity  of  blood  neutrophils 
toward  a  living  culture  of  Staph,  atorecs  in  in  vitro  tests  (0.  G.  Alekseyeva 
and  A.  a.  Kanarevskaya)  showed,  that  within  the  first  day  after  irradiation  of 
dogs  with  a  dose  of  600  r  an  activation  phase  may  appear.  The  authors  have 
found  the  activation  phaso  in  four  out  of  five  dogs.  Bit  during  advanced 
radiation  sickness  (from  the  3rd  through  the  8th-10th  day)  all  dogs  displayed 
a  phase  of  depression.  In  two  dogs  it  was  weak  and  the  phagocytic  index  re¬ 
mained  rather  high.  However,  we  believe,  that  the  phagoc>"ti.c  index  in  irradiated 
animals  cannot  serve  as  an  indicator  for  the  intensity  of  phagocytic  reaction. 

Of  course,  during  the  climax  of  radiation  sickness,  due  to  the  damage  to 
hematopoietic  organs,  a  significant  decrease  in  the  microphage  reserve  is  noted. 
Therefore,  the  intensity  of  phagocytic  reaction  should  be  determined  from  the 
absolute  number  of  phagocytosing  leucocytes  and  phagocytosea  cocci  in  1  mm-5 
of  blood.  The  increase  in  the  phagocytic  index  during  the  climax  of  radiation 
sickness,  which  has  been  observed  by  many  investigators,  should  be  considered 
a  compensation  reaction  of  the  organism.  Bit  it  cannot  be  always  absolute. 
Returning  to  the  investigations  of  0.  G.  Alekseyeva  and  A,  A.  Kanarevskaya,  one 
should  point  out,  that  the  increase  in  the  phagocytic  index  in  two  dogs,  in 
which  this  index  during  the  climax  of  the  sickness  was  rather  high,  could  not 
compensate  for  the  decrease  in  the  phagocyte  reserve  and  that  the  absolute  values 
were  very  low:  in  one  dog  (Malyshka)  it  decreased  2-3  times,  in  another  (Staricbok) 
even  $-60  times  in  comparison  with  the  initial  level. 

The  depression  of  the  phagocytic  activity  of  blood  leucocytes  on  the 
3rd-l5th  day  following  exposure  to  600  r  (i.e.  over  the  climax  period  of  radiation 
sickness)  and  a  sharper  decrease  in  the  absolute  values  were  confirmed  by  0.  G. 
Alekseyeva,  and  by  subsecjuent  experiments  on  11  dogs.  During  the  terminal  period, 
phagocytosis  practically  dropped  to  zero  in  both  the  first  experiments  as  well  as 
in  the  second. 


It  is  known,  that  the  phagocytic  activity  of  leucocytes  increases 
substantially  after  a  specific  immunization.  But  it  never  attains  such  a 
level  in  irradiated,  vaccinated  animals  during  the  climax  of  radiation  sick¬ 
ness,  as  compared  with  nonirradiated,  immunized  animals.  We  can  refer  to 
the  investigations  of  0.  G.  Alekseyeva  concerning  phagocytosis  in  vivo  of 
actively  immunized  animals  with  regard  to  diphtheria  (5)  and  typhoid  bacilli 
(6). 


Our  investigations  (0.  G.  Alekseyeva,  ($))  showed  that  if  the 
development  of  radiation  sickness  is  induced  by  exposure  to  a  definitely 
lethal  dose,  the  depression  of  phagocytic  reaction  occurs  even  in  animals 
with  a  species  immunity.  The  experiments  were  performed  on  77  white  mice 
and  h8  rats,  which,  as  is  known,  possess  a  species  nonsusceptibility  to 
diphtheria  and  respond  to  the  intraperitoneal  injection  of  diphtheria 
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•  »,  ria  an  intense  phagocytic  reaction.  The  mice  were  exposed  to  an 

7^"y*dose  of  ^  the  rats  were  exPose<*  to  a  dose  ^000  r  of 

Vl-iys  from  a  cobalt  source  with  a  strength  of  93*50.  The  studies  of  phago- 
-♦osis  after  an  intraperitoneal  infection  in  mice  were  carried  out  on  the 
following  irradiation,  but  in  rats — on  the  2nd  day. 

The  irradiated  animals  responded  with  a  significantly  less  pronounced 
,  1  inflammatory  cellular  reaction,  decreased  phagocytic  activity  (2-3  tih.es 

*  in  -dee  and  18-19  timos  lower  in  rats  in  comparison  with  nonirradiated 
*■  o)  and  with  delayed  intracellular  digestion  by  9-18  hours,  which  led  to  an 
intonse  multiplication  of  bacteria  in  the  abdominal  cavity. 


How  could  the  decrease  of  phagocytic  reaction  of  lwucocytes  after 
.--radiation  be  explained?  It  is  known,  that  the  state  of  phagocytosis  depends 

factors:  on  the  functional  state  of  the  nervous  system  (13U)  and  endocrine 
-emulation,  a  temperature  factor,  osmotic  pressure,  concentration  of  hyurogen 
<Qts  (quoted  from  Menkin  (263)),  leucotnxin— a  substance  which  stimulates  the 
dikpedesis  of  leucocytes—,  on  the  presence  of  catabolins  of  nucleoproteids, 
Vstamine,  hyaluronidase  (2^7),  on  the  presence  of  special  antibodies 
— eoaring  the  microbes  for  phagocytosis  (opsonin s,  tropins,  and  the  active 
•System  of  Pollack  and  Victor  (279)'),  and  a  series  of  other  factors. 


Not  all  by  far  of  the  listed  factor*-  affecting  phagocytosis  in  ir¬ 
radiated  animals  have  been  investigated.  There  are  only  a  few  papers  in  the 
literature  dedicated  to  studies  of  special  factors  affecting  phagocytosis. 
Shochmeister  and  Fishman  (298)  in  tests  on  rats  and  rabbits  showed,  that  by 
exposing  them  to  a  dose  of  500  r  and  higher  the  migration  of  leucocytes  de¬ 
creases  markedly  by  the  2nd  day.  Thus,  not  only  is  the  production  of  phagocytes 
deprossed,  but  also  their  mobility  decreases.  Savitskii  (286)  detected  sub¬ 
stances  which  damaged  leucocytes,  and  which  during  the  first  15  hours  following 
irradiation  increased  the  adhesive  index  approximately  5-6  times.  In  another 
paper,  Fishman  and  Shechmeister  (21ii)  reported,  that  extracts  of  leucocytes 
taken  on  the  3rd  day  of  radiation  sickness  did  not  possess  bactericidal  pro¬ 
perties,  which  were  found  by  them  in  leucocytes  of  nonirradiated  animals  or  in 
loucocytes  taken  within  a  day  after  irradiation.  One  may  assume  that  irradi¬ 
ated  animals  have  antibodies  against  leucocytes  in  their  serum,  similar  to  those 
detected  by  Finch,  Ross  and  Ebangh  (213)  in  the  serum  of  animals  suffering 
from  various  blood  diseases.  Such  an  assumption  might  be  based  on  the  fact, 
that  the  antibodies  discovered  by  the  authors  disturbed  the  processes  of 
migration,  aiapedesis,  taxis  and  digestive  capability  of  leucocytes  causing 
their  lysis,  agglutination  and  vacuolization.  Also,  the  phagocytic  reaction 
of  animals  suffering  from  abnormal  blood  circulation  was  changed,  similarly 
to  that  in  animals  suffering  from  radiation  injuries.  If  the  consequences 
are  similar,  then  it  is  very  probable,  that  one  of  the  causes  for  their 
appearance  is  identical  as  wall.  If  disturbances  in  the  nervous— endocrine 
regulation  and  metabolism  are  also  considered, then  the  reason  for  disturbances 
in  the  phagocytic  reaction  in  radiation  sickness  becomes  clearer. 


Thus,  the  microbes  which  get  into  the  blood,  are  dama^  d  to  a  lesser 
degree  due  to  the  changed  properties  of  the  plasma  and  blood  cells.  However, 
this  question  has  not  been  clarified  as  yet.  It  is  known,  that  the  reticulo¬ 
endothelial  system  plays  an  important  role  in  the  struggle  of  the  organism  with 
microbes . 


Is  the  defensive  function  still  preserved  in  radiation  sickness? 


17  Radiation  dose  which  killed”^  of  the  animals  within  llj  days. 


Numerous  researchers  have  tried  to  solve  this  problem.  They  succeeded 
in  finding  that  in  various  animals  with  acute  radiation  sickness  and  in  humans 
after  X-ray  therapy,  the  ingestive  capacity  of  the  cells  of  the  reticulo-endo- 
thelial  system  decreases  with  regard  to  intravenously  introduced  dyes  (108,  206, 
176) j  it  decreases  also  will  respect  to  different  bacteria  (315).  solutions  of 
salts  labelled  with  radioactive  phosphorus  or  gold  (222,  283,  258),  and  even 
with  respect  to  iron  released  by  hemolyzed  erythrocytes  (11^3). 

However,  several  authors  failed  to  note  any  disturbances  in  the 
absorptive  function  of  the  reticulo-endothelial  system,  although  they  used 
radiation  doses  similar  to  those  of  the  previous  authors  (196,  275). 

Such  a  contradiction  becomes  more  understandable  if  one  becomes 
familiar  with  the  paper  of  Gordon,  Cooper  and  Miller  (229).  These  authors  in¬ 
jected  pneumococcus  (type  A)  into  the  ear  vein  of  rabbits  exposed  to  800  r, 
and  thun  counted  the  number  of  bacteria  in  the  blood.  They  succeeded  in  es¬ 
tablishing,  that  the  rate  of  blood  purification  in  irradiated  animals  does  not 
change  much  during  the  first  hours.  Bacteria  vanish  from  blood,  and  then  appear 
again. 


These  authors  conclude  that  the  reticulo-endothelial  system  is 
capable  of  removing  for  a  prolonged  period  of  time  bacteria  circulating  in  the 
blood,  tut  it  is  not  capable  of  retaining  and  destroying  them.  It  is  appropriate 
here  to  mention  once  more  the  paper  of  Donaldson,  Marcus,  Ko  Gui  and  Perkins 
(210)  on  the  decrease  in  tho  digestive  capacity  of  phagocytes. 

Consequently,  one  may  assume,  that  even  if  the  absorbing  function  of 
the  roticulo-endothelium  under  certain  experimental  conditions  remained  unimpaired, 
nevertheless,  the  captured  microbes  will  not  be  digested  and  may  give  a  secondary 
bacteriemia.  It  is  understandable,  that  if  a  nonliving  agent  is  used  to  test 
for  phagocytic  activity,  then  some  investigators  were  not  able  to  note  the  de¬ 
pression  of  the  defensive  role  of  the  reticulo-endothelial  system.  An  incorrect 
conclusion  could  be  reached  also  on  the  use  of  germs,  if  blood  was  examined  only 
during  the  first  hours  following  infection. 

The  intensity  of  the  absorbing  capacity  of  the  reticulo-endothelial 
system  depends  not  on]y  on  purely  biological  factors  but  also  on  physicochemical 
process,  on  the  ability  of  cells  to  adsorb  the  object  to  be  phagocytized.  The 
investigations  of  0.  G.  Alekseyeva  showed,  that  this  process  is  impaired  in 
irradiated  animals.  The  experiments  were  carried  out  on  rabbits  exposed  to 
800  r.  The  adsorptive  properties  of  many  tissues  with  respect  to  a  living 
culture  of  Staph,  aureus  were  studied.  It  was  established,  that  parallel  to 
the  decrease  in  the  adsorptive  properties  of  lymph  node  tissue  and  of  the 
mucosa  of  the  small  intestine  during  the  period  of  primary  reaction  and  the 
climax  of  radiation  sickness,  the  adsorption  of  microbes  by  the  cells  of 
liver  and  kidneys,  and  by  the  lOth-lUth  day  also  of  the  spleen,  may  increase. 

But  the  antimiorobio  factors  in  the  internal  organs  do  not  limit 
themselves  to  phagocytosis,  they  can  also  produce  lysozyme,  release  bactericidal 
substances,  and,  finally,  they  possess  a  special  form  of  immunity  displayed 
in  their  unresponsiveness  to  the  effect  of  bacterial  toxins  (the  3rd  immunitv 
factor  of  Kravchenko  and  Galanova  (89). 

How  does  radiation  affect  these  mechanisms  causing  nonsusceptibility 
to  microbes? 

According  to  BernarcLni  (189),  the  amount  of  lysozyme  in  lung  and 
sploon  (only  these  two  organs  were  investigated)  of  rats  decreases  markedly 
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.rtcr  irradiation.  The  author  attributes  great  significance  to  the  direct 
...ffect  of  radiation  on  the  enzyme  lysozyme.  We  cannot  agree  with  such  a 

viewpoint. 


In  1931  Antonioli  (I8it )  reported,  that  the  tissues  of  guinea  pig3 
.:>;posod  to  750  r  exert  a  smaller  bactericidal  effect  on  the  microbes  which 
aro  uncommon  in  the  intestine,  than  the  tissues  of  nonirradiated  guinea  pigs. 

One  of  the  authors  of  this  book  (N.  N.  Xlemparskaya  (79))  has  studied 
in  detail  the  state  of  bactericidal  properties  in  the  organs  of  irradiatod 
animals.  She  studied  the  bacteriostatic  properties  of  spleen,  kidneys,  lungs, 
liver,  duodenum  and  small  intestinos  (in  the  latter  the  contents  and  minced 
tissue  wore  studied  separately)  toward  coliform  bacteria.  Staph,  aureus  and 
autoflora.  Organs  were  taken  from  rabbits  irradiated  with  doses  of  U00,  800 
and  1100  r,  from  mice  exposed  to  750  r,  from  rats  exposed  to  600  r  and  guinea 
nigs  exposed  to  500  r.  The  tissues  of  organs  of  nonirradiated  animals  possess 
bacteriostatic  properties  to  an  insignificant  degree.  After  irradiation, 
especially  if  exposed  to  a  lethal  dose,  the  bacteriostatic  properties  are  more 
pronounced.  It  was  found  also  that  bacteriostatic  substances  are  thermolabile. 
It  was  noticed,  that  the  increase  in  bacteriostatic  properties  of  the  tissues 
and  contents  of  small  intestines  was  often  the  most  pronounced.  The  clearest 
results  were  obtained  from  animals,  that  died  after  treatment  and  not  from 
sacrificed  animals.  Thus,  in  10  nonirradiated  rabbits  neither  the  contents  of 
tho  intestine  nor  its  wall  possessed  the  bacteriostatic  property,  but  the  wall 
of  the  small  intestine  of  rabbits  exposed  to  1100  r  markedly  inhibited  the 
growth  of  coliform  bacteria  in  16  out  of  35  cases  and  the  intestinal  content 
did  the  same  in  26  out  of  3li  cases.  These  observations  indicated  that  it  is 
necessary  to  determine  the  time  of  appearance  of  these  changes,  what  initiates 
them  and  how  they  cope  with  the  increased  multiplication  of  bacteria  in  the 
intestine.  To  solve  these  problems,  special  experiments  on  mice  and  rabbits 
wore  carried  out,  which,  resulted  in  the  finding,  that  bacteriostatics  action  is 
not  connected  with  a  direct  effect  of  X-rays,  but  depends  on  processes  which 
develop  during  the  days  following  irradiation.  Irradiation  of  intestines  as 
v "*11  as  other  organs  causes  disturbances  in  the  natural  mechanisms  concerned 
with  the  depression  of  multiplication  of  bacteria,  which  leads  to  an  increase 
in  their  number.  The  number  of  bacteria  increases  on  tegmina  as  well  as  in 
the  body  cavities  which  are  in  communication  with  the  environment  (among  them 
also  tiie  intestine),  from  which  the  microbes  penetrate  into  the  internal  or¬ 
gans. 


With  developing  radiation  sickness,  degeneration  of  cellular  elements 
in  many  organs  begins.  Obviously  during  this  process  intracellular  bacterio¬ 
static  substances  are  released,  which  is  manifested  in  in  vitro  experiments  in 
the  investigations  of  the  tissues  of  irradiated  animals"  however,  such  an 
appearance  of  bacteriostatic  substances  cannot  play  a  defensive  role,  because 
accumulation  and  spreading  of  large  numbers  of  bacteria  in  the  organism  occurred 
up  to  this  time.  Since  the  largest  mass  of  damaged  cells  may  be  found  in  the 
intestine  (during  the  terminal  period  almost  a  complete  disintegration  of  the 
intestinal  epithelium  has  been  observed),  the  bacteriostatic  activity  in  the 
in  vitro  experiments  was  displayed  mostly  in  the  tissues  of  this  organ. 

The  investigations  of  a  cc-worker  in  our  laboratory,  0.  R.  Nemirovich- 
Darchenko,  also  indicate  damage  to  the  normal  bacteriostatic  properties  of  the 
intestinal  excretions,  which  occurs  before  the  beginning  of  the  mass  autolysis 
of  the  epithelium.  She  has  studied  the  bacteriostatic  properties  of  the  feces 
of  dogs  treated  with  a  dose  of  polonium  of  0.1  mC/kg.  The  author  found,  that 
the  depression  of  this  antimicrobic  factor  appears  on  the  i*th-5th  day  following 
injury. 
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The  change  in  bacteriostatic  properties  of  feces  daring  radiation 
sickness  was  rovealed  by  0.  G.  Alekseyeva  in  her  tests  on  chronic  poisoning 
of  dogs  with  Sr?0.  Four  dogs  received  daily,  except  for  Sundays  and  holidays, 
0.02  C/kg  of  radioactive  strontium  with  food.  From  the  first  through  the 
11th  month  (the  observation  time)  a  decrease  periodically  alternating  with  a 
sharp  activation  in  the  bacteriostatic  properties  of  feces  was  observed,  and 
the  abrupt  changes  in  these  properties  were  accompanied  by  a  change  in  the 
bacterial  picture  of  the  intestines. 

V.  V.  Vasil1 evskaya  (113)  has  discovered  the  fact  that  in  acute 
radiation  sickness  caused  by  polonium  poisoning,  the<<  tissue  >>  immunity  is 
affe:ted  also — the  unresporu'iveness  of  the  smooth  muscles  of  the  small  in¬ 
testine  disappears. 

The  presented  facts  make  it  clear  that  in  radiation  sickness,  the 
environment  of  microbes  in  the  organism  changes  significantly.  Dua  to  the  de¬ 
pression  of  natural  immunity  in  the  irradiated  organism,  conditions  appear  which 
stimulate  the  development  of  infectious  complications.  How  will  the  affected 
organism  react  to  these  germ  foci?  Does  the  powerful  defensive  reaction  of  the 
organism — inflammation —  suffer  in  this  injury  too? 

In  193U  I.  P.  Mishchenko  (109)  in  reviewing  the  experiments  of  his 
co-workers  indicated,  that  irradiation  with  massive  doses  stimulates  the  severity 
of  inflammation.  V.  G,  Garshin  and  his  co-workors  M.  M.  Bol'shakova,  M.  A. 

Zakhar ' evskaya  and  V.  V.  Osinskaya  (22,  2h,  25,  h7,  118)  over  a  number  of 
years  have  studied  the  inflammatory  response  to  the  injection  of  sterile  dia- 
tomaceous  earth  or  turpentine  in  oil.  Basically  their  work  was  directed  to 
clarification  of  the  mechanism  of  roentgenotherapy  of  inflammatory  processes. 

Rit  in  order  to  clarify  the  effect  of  massive  radiation  doses,  total-body 
irradiation  was  used  in  many  tests  by  the  authors.  It  was  found  by  them 
that  the  intensity  of  formation  of  the  «*  leucocytic  embankment  >>  is 
depressed,  the  formation  of  granulations  decreases  and  the  fibroblasts  are 
damaged.  Later  I.  M.  Neiman  and  A.  Ya.  Sinai  (115)  have  established  the  fact, 
that  on  the  7th-l6th  day  after  the  creation  of  a  focal  inflammation  by  the 
injection  of  paraffin  in  mice  exposed  to  50-200  r,  a  depression  of  the  histio¬ 
cytic  reaction  was  observed.  V,  V.  Shikhodyrov  (178)  studied  the  character 
of  changes  in  the  inflammatory  reaction  to  the  subcutaneous  infection  of 
celloidin  in  rats  in  relation  to  radiation  dose.  He  showed  not  only  depression 
of  the  inflammatory  reaction,  but  also  the  appearance  of  a. hemorrhagic  reaction 
following  irradiation  with  median  lethal  and  sublethal  doses. 

Bit  all  the  investigators  mentioned  studied  not  infectious  tut 
aseptic  inflammation.  We  are  interested  in  the  character  of  the  inflammatory 
reaction  to  the  microbic  agent.  We  failed  to  find  such  experiments  in  the 
accessible  literature.  The  only  exceptions  are  the  investigations  of  V.  F. 

Sosova  (152). 


Our  investigations  were  started  in  1951.  The  focal  infection  was 
induced  by  the  method  of  intracutaneous  injection  of  1-day-old  suspensions  of 
different  microbes:  coliform  bacteria  and  more  rarely  staphylococcus,  B.  per- 
fringens,  streptococcus,  pneumococcus  and  blue-green  pus  bacteria. 

The  inflammatory  reactions  of  irradiated  animals  to  the  injection  of 
different  microbes,  in  addition  to  the  individual  peculiarities,  had  common 
symptoms  which  distinguished  them  from  the  response  ol  nonirradiated  animals. 
These  symptoms  were:  the  appearance  of  tissue  necrosis,  hemorrhages  in  the  in¬ 
flammatory  focus  and  generalization  of  the  infection.  The  changes  mentioned 
took  place  during  the  climax  of  radiation  sickness  induced  by  lethal  and  sub- 
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loihal  doses  and  to  varying  degrees  they  were  exhibited  by  various  species  of 
*-iboratory  animals,  but  rabbits  displayed  them  most  clearly  (Fig.  5). 


Fig.  5.  Cutaneous  focus  of  infection  of  nonirradiated  (a)  and  irradiated  (b) 
rabbits  (1100  r)  after  U8  hours  following  infection  with  coliform  bacteria.  The 
infection  was  carried  out  within  three  days  after  irradiation. 


In  case  of  recovery,  the  response  of  the  animal  returned  to  normal  (F^g.  6). 

In  order  to  clarify  the  reasons  for  the  appearance  of  a  necrotic - 
homorrhagic  character  -n  the  inflammation  and  those  for  the  development  of 
bactcriemia  after  a  subcutaneous  injection  of  relatively  small  doses  of 
microbes-saprophytes  (200  mil.  organisms),  special  experiments  were  carried 
out.  In  tests  using  shielding  of  skin 'sections,  we  have  established  the 
fact  that  the  unusual  reaction  to  the  microbe  agent  depends  on  the  total 
offeot  of  radiation  on  the  organism. 


Blood 


Foous 


Time  of  infection  after  irradiation,  in  days. 


Fig,  6.  The  inflammatory  character  and  bacteriemia  of  rabbits  infected  at 
different  times  after  irradiation.  The  upper  non-crosshatched  semicircles 
indicate  the  absence  of  bacteriemia;  the  crosshatched  semicircles  show  the 
presence  of  bacteriemia.  The  bottom  semicircles  show  the  ordinary  inflammatory 
reaction,  the  crosshatched — the  necrotic — hemorrhagic  inflammation. 


Great  attention  was  paid  to  studies  of  the  number  of  microbes  in  the  focal 
infection.  These  experiments  were  carried  out  on  rabbits  exposed  to  1100  r, 
that  received  at  different  times  after  exposure  a  subcutaneous  injection  of 
coliform  bacteria  or  Staph,  aureus..  Then  within  h8  hours  after  infection 
the  focus  was  excised  and  the  number  of  viable  bacteria  per  1  g  of  tissue 
was  determined.  Fig.  1  (see  1st  Chapter)  showed  a  diagram  of  the  mean  values 
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reflecting  the  accumulation  of  microbes  in  inflammatory  foci  at  different 
periods  of  radiation  sickness.  One  can  see  that  during  the  latent  period, 
the  number  of  microbes  in  the  inflammatory  foci  of  irradiated  animals  exceeds 
that  of  control  animals  only  by  several  multiples  of  10.  Rit  at  -the  climax  of 
radiation  sickness,  the  accumulation  of  bacteria  proceeds  rapidly,  and  it  ex¬ 
ceeds  the  corresponding  indices  in  the  control  group  by  several  thousand  and 
hundred  thousand  times. 


In  order  to  determine  the  time  when  this  change  in  reactivity  of 
the  organism  appears,  a  group  of  rabbits  received  an  intracutaneous  injectiDp 
of  coliform  bacteria  in  8  sites  simultaneously  (7.  x  10'  living  bacteria  per  dose) 
and  then  within  3*  6,  9,  12  and  U8  hours  following  infection  the  inflammatory 
foci  were  excised.  The  data  from  rabbits  that  were  subjected  to  experiment 
within  17  hours  after  irradiation  did  not  differ  from  that  of  the  control 
animals.  But  the  data  from  rabbits  infected  within  3  days  following  irradiation, 
differ  significantly  from  the  controls.  (Fig.  7).  While  the  number  of  germs  in 
the  inflammatory  foci  of  nonirradiated  animals  gradually  decreased,  and  by  ii8  hours 
reached  a  concentration  of  several  thousandths  per  1  g  of  focal  tissue,  in  exposed 
rabbits  a  huge  number  of  microbes,  amounting  to  several  times  ten  or  a  hundred 
million  microbes  per  1  g  of  focal  tissue  on  the  third  day  of  radiation  sick¬ 
ness,  was  maintained  during  the  entire  experimental  period. 
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Fig.  7.  Changes  in  the  number  of  microbes  in  cutaneous  foci  within  the 
first  12  hours  following  infection. 

1-infection  within  17  hours  following  exposure  to  1100  r;  2-infection  within 
three  days  following  irradiation;  3-control  group. 


How  can  the  fact  be  explained  that  during  the  climax  of  radiation 
sickness  the  number  of  microbes  per  1  g  at  all  times  after  infection  remains 
within  limits,  close  or  almost  identical  with  the  injected  dose?  A  decrease 
in  focal  microbes'  occurs  definitely,  because  bactoriemia  develops,  but  at  the 
same  time  the  dimensions  of  the  focus  increase  (by  2*8  hours  after  infection  it 
amounts  to  3.5-6g).  Consequently,  this  can  be  explained  only  by  the  fact 
that  the  injected  microbes  are  not  only  preserved,  but  they  even  multiply  in¬ 
tensely. 

On  the  basis  of  the  investigations  of  the  number  of  microbes-sapro- 
phytes  in  inflammatory  foci  (V.  F,  Sosova)  and  in  accordance  with  a  more  intense 
accumulation  of  pathogenic  microbes  in  the  infection  site,  which  was  noted 
during  the  examination  of  the  smears -imprints  (0.  G.  Alekseyeva,  (5  and  -6))  or 
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t.li'i  ii.il.ormlit.il. loii  of  Mm  iiiimlmr  of  microbes  (R.  V.  l’ntrov,  sno  Chapter  V, 

..’li)  ,  “nd  nlijo  on*  Ifho  basis  of  tho  data  in  tho  litoraturo  (lji'3,  1),  ono 
.-.v,- .assume,  that  tho  aitaroa  inflammatory  reaction  in  radiation  sickness  de¬ 
pends  r.ot  only  on  disturbances  in  the  reactivity  of  the  organism,  tut,  un¬ 
doubtedly  on  tho.  increase  in  the  dose  of  the  infection  agent  as  well* 

The  depression  of  the  intensity  of  immunity  of  animals  during 
radiation  sickness  results  in  a  decreased  resistance  to  conditionally 
pathogenic  microbes  (see  the  data  of  Chapter  1)  and  even  more  to  pathogenic 
infectious  agents  and  their  toxins.  In  the  mechanism  of  decrease  in  resistance 
to  microb3S,  not  only  are  the  depression  of  bactericidal  humoral  factors  and 
•-.Vidocytic  reaction  of  importance,  but  also  the  significant  increase  in  biological 
effect  of  increasing  dose  of  the  infectious  agent,  due  to  a  more  intense  ac- 
\;-:Iation  of  microbes  and  a  change  in  their  biological  properties  in  the 
tissues  of  an  irradiated  organism. 

On  closing  the  brief  review  of  the  literature  and  our  own  data 
on  tho  studios  of  the  state  of  different  factors  of  natural  immunity  wa 
think  it  is  expedient  to  give  a  total  summarizing  scheme  of  these  changes 
in  relation  to  the  phase  of  radiation  sickness. 

During  the  period  of  the  primary  reaction  (i.e.  during  the  first 
hours  following  irradiation)  and  partly  during  the  latent  period  (i^e.  within 
1-2  days  after  irradiation)  the  intensity  of  the  majority  of  immunological 
r.rocesuos  either  does  not  change,  or  even  can  be  activated.  It  is  possible 
that  some  reactions  (for  instance,  the  adhesive  ability  of  leucocytes)  be¬ 
come  disturbed  soon  after  first  hours,  but  this  does  not  lead  to  a  decrease 
in  immunity,  altogether.  Nevertheless  in  animals  infected  with  microbes  at 
this  time,  or  poisoned  with  bacterial  toxins,  the  developing  infection  or  intox¬ 
ication  may  take  a  more  severe  course  than  in  nonirradiated  animals.  This 
is  bocauso  the  infection  process  is  prolonged  and  covers  the  following  periods 
of  radiation  sickness. 

To  some  degree  in  the  latent  period  and  alv/ays  during  the  climax  of 
tho  sickness,  depression  of  the  natural  nonsusceptibility  of  the  organism 
to  microbes  appears,  and  the  intensity  of  all  mechanisms  of  the  immunity  de¬ 
creases.  Is  this  decrease  uniform?  Does  the  depression  of  all  mechanisms  of 
immunity  take  place  immediately  in  an  animal?  To  answer  this  question,  one 
should  check  the  intensity  of  all  defense  reactions  in  an  animal  at  one  time. 

2ut  as  we  wrote  at  tha  beginning  of  the  chapter,  the  investigators  usually 
studied  individual  mechanisms  of  immunity  on  different  groups  of  animals.  In 
evaluating  our  results  we  should  note  that  the  depression  of  ary  reaction 
ordinarily  takes  place  only  in  part  of  the  animals.  Very  rarely  a  function 
proves  to  be  decreased  in  100$  of  the  animals  investigated  and  at  all  times. 

This  observation  indicates,  that  even  at  the  climax  of  radiation 
sickness  the  organism  maintains  some  degree  of  compensating  ability.  It 
should  be  said  that  in  the  case  of  lethal  radiation  sickness  this  compensating 
ability  can  be  relative:  i.e.  an  increased  intensity  of  any  mechanism  of  immunity 
cannot  compensate  the  lesions  in  other  mechanisms.  * 

However,  the  presence  of  compensation  reactions  deserves  attention 
and  requires  study  s  because  understanding  of  their  nature  will  assist  in  finding 
effective  therapeutic  methods. 

The  presence  of  compensation  is  confirmed  also  by  our  experiments  in 
studies  of  the  immunological  reactivity  of  dogs  exposed  to  600  r  (0.  G.  Alek- 
scyeva  and  A.  A.  Kanarevskaya,  1S>55). 
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The  results  of  investigations  of  imraunobiological  reactivity  of  3  dogs 
before  irradiation  and  on  the  5th  day,  i.e.  at  the  climax  of  radiation  sickness, 
fre  presented  in  Table  $. 

At  this  period  all  mechanisms  of  the  natural  immunity  of  the  dog 
Starichok  that  were  investigated  proved  to  be  inhibited,  and  this  was  accom¬ 
panied  also  by  a  change  in  the  cutaneous  microflora  toward  an  increase  in  the 
number  of  bacteria  and  in  the  percentage  of  stocks  that  breakdown  mannite. 

* 

On  the  fifth  day  following  irradiation,  in  the  presence  of  a  sharp 
depression  of  bactericidal  properties  of  skin  and  some  disturbance  in  the 
content  of  the  cutaneous  microflora,  one  could  observe  in  the  dog  Kalyshka  a 
pronounced  activation  of  the  phagocytic  reaction.  We  intend  to  consider  this 
activation  as  the  manifestation  of  compensation.  However  the  compensation  was 
relative  and  could  not  completely  stop  the  decrease  in  the  neutrophil  reserve. 
In  consequence,  although  the  phagocytic  index  increased  ten  times,  nevertheless 
fewer  cocci  were  phagocytized,  than  before  the  irradiation. 


Table  5 


Investigation  of  several  iraaunological  reactions  in  dogs  before  irradiation 
ana  on  the  fifth  day  of  radiation  sickness  (radiation  dose  600  r). _ 


Starichok  S 

Damka 

Kind  of  reaction. 

vEmmwzsnmii 

before 

after 

irradiation  i 

HKESZSESISIH 

Lit ion 

Bactericidal  activity  of 
skin  (%  of  dead 
coliform  bacteria 
within  15  min*  af¬ 
ter  placing  them 
on  skin) 

16 

■ 

88 

5 

63 

?l 

Phagocytic  reaction 
of  blood  neutrophils 
percentage  of  phag¬ 
ocytosis 

lii. 6 

2 

10 

18 

15.  e 

9 

Phagocytic  index. 

o.5 

0.02 

o.5 

5.1 

0.8?, 

1.53 

Abs .  number  of  phago¬ 
cytized  cocci  in 

1  mm3  of  blood 

1 

67  000 

700 

l  000 

2700 

3  l'  0 

500 

Kicroflora  of  skin: 
the  number  of 
bacteria  per  12  cm^ 
of  skin 

161 

loo 

103 

5io 

30 

Percentage  of  stocks 
breaking  down  mannite 

7.8 

25 

1 

! 

15 

17.3 

ll 

Phenomena  of  relative  compensation  wore  also  observed  in  the  dog 
Damka,  but  they  were  exhibited  in  a  different  manner.  Some  activation  of  the 
bactericidal  properties  of  skin  evidently  stimulated  a  decrease  in  the  number 
of  bacteria,  but  did  not  prevent  an  increase  in  the  percentage  of  stocks  that 
degrade  mannite.  But  the  increase  in  the  phagocytic  index  because  of  more 
efficient  capture  of  cocci  by  any  one  phagocytizing  neutrophil  failed  to 
compensate  the  decrease  in  the  phagocytic  reserve. 
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Thus,  the  period  of  the  climax  of  radiation  sickness,  despite  the 
, , that  some  compensating  ability  is  maintained,  is  nevertheless  charaot- 
'  ”  I  ’  j  Dy  a  depression  of  natural  immunity.  This  depression  is  sharply  pronounced 
■rir.g  the  terminal  stage. 

If  recovery  from  radiation  sickness  occurs,  a  gradual  restoration  of 
•  -o  disturbed  mechanisms  of  resistances  has  been  observed;  restoration  of  in- 
u1  vidual  immunity  factors  usually  does  not  proceed  simultaneously.  The  instability 
—  d  shift  of  the  phases  of  depression  and  excitement  may  take  place  for  a  pro- 
"i'.ved  timo.  It  should  be  noted  that  the  state  of  immunity' during  the  remote 
-c-nsequences  of  radiation  sickness  has  not  been  studied  sufficiently  as  yet. 

Since  each  period  of  radiation  sickness  is  characterised  by  a  definite 
a*  ate  of  natural  immunity,  then,  consequently,  the  immunological  technique  may 
t“o  applied,  for  the  determination  of  the  reactivity  of  the  exposed  organism. 

Is  it  possible  to  assume,  that  the  changes  in  immunity  in  radiation 
clcknoss  are  specific  only  for  this  given  sickness?  We  have  already  expressed 
phe  idea  that  the  character  of  these  changes  is  specific  for  any  period  of  the 
-adiation  process.  But  one  cannot  assume  that  the  changes  are  specific  for 
radiation  sickness.  The  mechanisms  of  natural  immunity  are  themselves  non- 
c'iecific,  and,  consequently,  changes  in  them  cannot  be  specific.  Depression 
of  the  phagocytic  reaction  is  described  in  different  inflammatory  processes 
(166),  anginas  (37),  diseases  of  internal  organs  (27)  and  so  on.  A  decrease 
:n  the  titers  of  lysozyme  in  saliva  has  been  observed  during  some  local  diseases 
of  the  nasopharynx  (9h),and  typhus  (107).  Depression  of  the  formation  of  serum, 
complement  has  been  described  during  diabetes,  uremia,  thyroidectomy,  acute  yellow 
atrophy  of  the  liver  (quoted  from  31),  typhus  (11),  rheumatism  of  Buillot 
(soelling?)  (U3)  and  so  on.  Our  own  experiments  carried  out  on  animals  with  a 
sovere  form  of  benzene  intoxication  (V.  F.  Sosova,  (152))  verify  the  possibility 
of  appearance  of  the  characteristic  inflammatory  reaction  during  other  pathologic 
processes .  The  necrotic-hemorrhagic  reaction  to  an  intracutaneous  injection  of 
microbes  might  be  observed  also  in  rabbits  with  severe  benzene  poisoning,  and  a 
huge  number  of  microbes  (hundred  thousand  times  more  than  that  of  controls) 
accumulate  in  inflammatory  foci;  generalization  of  the  infection  (bacteriemia ) 
takes  place. 

Consequently,  nothing  is  known  of  any  specific  immunological  reactions 
in  radiation  sickness  at  present,  but  there  is  a  type  of  change  in  the  entire 
complex  of  mechanisms  of  natural  immunity,  which  is  characteristic  for  the 
phases  of  radiation  sickness.  Only  in  this  sense  one  may  speak  of  the  specificity 
of  disturbances  in  immunological  reactivity  after  irradiation. 
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Chapter  3 


Induced  Immunization  in  Radiation  Effect. 
Effect  of  Ionizing  Radiation  on  the  Development  and 
Preservation  of  Active  Immunity. 


The  data  on  sproading(of  the  ricrobes  of  autoflora  in  the 
internal  organs  of  an  irradiated  organism  presented  in  the  preceding 
sections,  and  data  on  disturbances  in  many  factors  of  natural  immunity, 
indicate  the  importance  of  .the  investigation  of  the  peculiarities  of 
immunobiological  reactivity  under  the  influence  of  ionizing  radiation. 

The  vast  use  of  atomic  energy  in  industry,  agriculture  and 
rr.odicino  makes  it  necessary  to  study  the  capacity  for  development  of 
full  active  immunity  in  organisms,  which  are  being  subjected  to  the 
effects  of  irradiation,  because  the  great  significance  of  the  problem 
in  epidemiologic  practice  is  obvious. 

The  investigation  of  the  possibility  of  active  immunization  in 
irradiated  animals  and  humans  was  carried  out  by  many  investigators,  and 
at  present  there  are  many  papers  published,  of  which  reviews  can  be 
found  in  the  native  as  well  as  in  the  foreign  literature  (129,  139,  312) . 

A  substantial  disturbance  of  immunogenes is  was  found,  when  anti¬ 
gen  was  injected  in  an  irradiated  organism;  preservation  of  sufficient 
resistance  wa3  established,  when  irradiated  animals  were  immunized  before 
exposure. 


The  inhibiting  effect  of  ionizing  radiation  on  the  formation  of 
active  immunity  is  expressed  almost  identically  after  the  effect  of  various 
sources  of  external  and  internal  radiation  (<*(,■>  p  and  y -radiation ) . 
There  are  data  (232),  that  local  irradiation,  if' it  is  carried  out  at  the 
site  of  the  intracutaneous  injection  of  antigen  before  the  immunization, 
also  decreases  the  production  of  antibodies  to  a  large  extent. 

However,  many  questions  connected  with  the  investigation  of 
peculiarities  of  the  active  immunization  of  irradiated  organisms,  require 
further  studies. 

Thus,  for  instance,  the  effect  of  irradiation  on  the  active 
development  of  resistance  in  the  organism  to  infection  with  living  germs 
has  been  investigated  inadequately.  In  the  majority  of  papers  the  changes 
in  antibody  titer,  not  tests  of  resistance  to  infection,  are  the  indicators 
of  immunological  reactivity.  Although  the  formation  of  antibodies  indicates 
the  reaction  of  the  organism  after  the  injection  of  antigen,  all  the  same. 
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it  was  established  by  I.  I.  Mochnikov  (106),  N.  F.  Qamalei  (21)  and 
,-r  authors  (k5,  131,  61i) ,  that  their  number  does  not  allow  one  to  estimate 
•  actual  nonsusceptibility  of  a  vaccinated  organism  to  viruses,  which  is 
;  t ..-mined  by  a  multiple  complex  of  cellular  and  humoral  defensive  factors. 

;•  is  known,  for  instance,  that  the  highly  effective  protective  antigens 
o:'  tho  Siberian  plague  microbes  do  not  initiate  the  appearance  of  antibodies 
all. 

Likewise,  there  is  no  relation  between  antiDodies  and  the  tissue 
; .'-.-.unity  doscribed  by  A.  T.  Kravchenko  and  N.  V.  Galanova  (89).  ' 

One  may  expect  a  more  precise  evaluation  of  the  state  of  the  active 
■  c-fonses  of  an  organism  against  the  infectious  agent  in  vitro  from  the 
v-ocy tot ic  reaction,  which  directly  demonstrates  damage  to  the  micro- 
•Vr-uirtisms.  The  data  presented  above  indicate  not  only  a  significant  lesion 
this  important  natural  defense  factor  after  exposure,  bit  it  also  shows 
uc'.rossion  of  the  specific  activation  of  this  process  due  to  the  effect  of 
i.-.-unisation. 

However,  investigation  of  individual  factors  in  the  effect  of  the 
organism  on  microbes  in  vitro  cannot,  of  course,  replace  evaluation  of  the 
stability  of  the  entire  organism,  which  becomes  possible  only  in  experiments 
in  which  the  infection  is  carried  out  with  living  germs.  It  is  of  interest, 
that  there  are  data  already  on  the  non-correspondence  between  a  low-order 
stability  of  irradiated  animals  to  test  by  infection  and  the  presence  of 
significant  numbers  of  antibodies  (6ii,  65). 

Unfortunately,  there  are  only  a  few  authors  in  radiobiology  who 
use  the  method  of  infection  with  living  pathogenic  microbes  in  order  to 
doternine  the  degree  of  immunity  (5,  6,  23U,  165),  and,  therefore,  further 
studies  of  this  problem  on  experimental  models  of  different  infections  are 
of  great  theoretical  and  practical  value.- 

The  role  of  individual  organs  and  systems  in  the  development  of 
active  immunity  is  another  question  important  for  the  understanding  of  the 
peculiarities  of  imraunogenesis  in  irradiated  organisms  and  many  features  of 
the  pathogenesis  of  radiation  injuries. 

There  are  a  few  investigations  in  this  region,  and  they  consisted 
basically  of  protection  from  a  direct  effect  of  radiation  on  the  spleen  or 
aonendix,  which  led  to  an  increased  survival  of  animals  and  improvement  of 
immunogenes is  (295). 


Ity  innarin  of  t.nnbn  Involving  tb*  transfer  of  cells  from  ari  organism 
1.1. ul,  i‘m: nl  y«i'l  an  61 1 1. 1 i* tin  1  u  nl.limlua  Into  fcnt.tlmj'  uiil'ili  woo  not  tmlijao l.o'l  to 
immunisation,  efforts  were  made  to  establish  the  important  role  of  other 
tissue  elements. 


‘t‘ t i  —  j  JTo/'  1  /.fc t.i.'.o e ,  ha/'/'ifj  a/.O  e*.—  wor/6/‘S  1  ol l.u.i.t.  ti.e  \iil— 

portent  role  of  lymph  nodes  in  antibody  formation.  The  transfer  of  regional 
lymph  nodes  from  an  immunized  animal  (taken  within  three  days  following  the 
injection  of  antigen)  into  an  irradiated  rabbit  enabled  one  to  obtain  anti¬ 
body  titers  that  were  much  higher  than  those  in  control  animals  which  were 
only  irradiated.  If  the  rabbits  was  irradiated  not  before  but  after  the 
transplantation  of  the  glands,  then  the  production  of  antibodies  decreased 
to  a  large  extent. 


Interesting  data  are  reported  by  Jaroslow  and  Taliaferro  (2U4). 
Adding  of  extracts  or  crushed  suspension  of  tissues  (spleen,  yeast,  epithel- 
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ioma,  but  not  those  of  kidneys  or  muscles)  allows  one  to  attain  antibody 
•formation  in  irradiated  animals,  although  more  slowly  and  to  a  lesser  degree 
than  in  nonirradiated  rabbits.  Separate  injections  of  the  suspensions  of 
tissues  and  antigens  were  ineffective. 

Similar  data  on  the  increased  antigenic  effect  of  dysenteric 
bacteria  in  irradiated  rabbits,  by  adding  a  suspension  of  washed  colls  of 
the  spleen  or  lymph  nodes  of  a  rabbit  to  them  with  contact  in  vitro  at 
37°  during  30  minutes,  are  reported  by  Harris  T,  Harris  S.  and  Farber  (23?)* 

It  should  be  noted,  that  the  stimulation  of  the  antigen  effect 
is  attained  by  means  of  homologous,  not  heterologous  tissue,  which  is  a  weak 
stimulant  of  the  organism.  This  fact  indicates  the  necessity  of  careful 
studies  of  the  response  of  an  irradiated  organism  to  homologous  tissue 
components. 

Little  is  known  about  the  sensitivity  of  different  stages  of  the 
process  of  immunogenesis  to  the  effect  of  radiation  and  about  the  substance 
of  this  effect.  It  is  not  known  what  is  more  damaged — the  process  of 
acceptance  of  an  antigen  stimulation  or  the  following  response  to  it.  It 
is  completely  unknown,  which  phases  of  this  response  are  the  most  sensitive 
and  so  on. 


It  is  known  only,  that  irradiation  during  the  period  of  the  first 
2-3  days  after  the  injection  of  antigen  leads  to  a  significant  decrease  in 
immunogenesis.  This  fact,  which  is  recorded  in  the  papers  of  different 
authors  (209,  312,  159),  requires  study,  in  order  to  understand  the  nature 
of  the  effect  of  radiation  on  the  immunological  reactivity  of  the  organism. 

The  problem  of  the  importance  of  the  site  of  injection  of  the 
antigen  in  increasing  the  efficiency  of  immunization  after  irradiation  has 
not  been  clarified  as  yet. 

We  do  not  know  of  any  papers  in  this  direction,  either  native  or 
foreign,  although  in  the  region  of  the  general  immunology  numerous  data  are 
accumulated,  which  indicate  the  important  role  of  a  coreect  selection  of 
route  and  site  of  injection  of  antigen  in  order  to  attain  an  intense  immunity 
(36,  liU,  81j  and  others). 

There  is  an  almost  complete  lack  of  experiments  on  postvaccinal 
reactions  in  irradiated  organisms  and  on  the  investigation  of  the  possibility 
of  revaccination  after  irradiation  in  the  presence  of  the  basic  immunity 
produced  before  irradiation.  And  finally,  very  little  is  known  on  the 
problem  to  what  extent  the  changes  in  immunological  reactivity  observed 
during  radiation  sickness  are  specific,  that  is,  for  the  effect  of  ionizing 
->  radiation. 


In  our  investigations  of  the  effect  of  radiation  on  the  development 
of  active,  immunity  in  animals  we  used  evaluation  of  the  degree  of  non- 
susceptibility  by  means  of  infection  of  the  vaccinated  animals  with  a  lethal 
dose  of  the  culture  of  a  living  microbe.  Antityphoid  immunization,  with 
the  testing  of  intensity  of  immunity  by  means  of  an  intraperitoneal  injection 
of  a  suspension  of  a  daily  agar  culture  of  typhoid  bacteria,  was  used  as  an 
experimental  model  for  the  investigation  of  this  problem. 


Although  under  natural  conditions  white  mice  do  not  have  typhoid, 
their  infection  with  this  microbe  causes  distinctly  pronounced  phenomena  of 
toxicoinfection  with  spreading  of  the  injected  bacteria  in  the  internal  or- 
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r.z  and  their  constant  presence  in  blood;  therefore  this  model,  as  it  is 
known,  is  -widely  used  in  laboratories  for  the  investigation  of  many  problems 
connected  with  studies  of  the  efficiency  of  active  immunization.  One  thous¬ 
and  six  hundred  twenty-one  mice  weighing  l8-20g  wore  used  in  these  experi¬ 
ments.  The  vaccinated  and  control  animals  were  maintained  in  jars  in  groups 
of  6-10  and  they  obtained  ordinary  food  (milk,  oats,  bread). 

More  frequently  the  injection  of  1  Del  (100£  lethal  dose-LDlOO) 

(jo.-.o tines  2  Del)  of  microbes  was  used  for  infection  of  mice.  We  did  not 
use  a  larger  quantity  of  Del,  because  such  an  increaso  i3  ccnnoctod  with 
ar.  iacroase  in  the  number  of  the  injected  microbe  bodies,  i.o.  with  tho 
increase  in  the  dose  of  the  injected  endotoxin,  which  leads  not  to  the  de¬ 
velopment  of  toxicoinfection,  but  to  the  loss  of  the  animals  from  intoxication. 
(For  instance,  according  to  the  Reed  and  Mench  method,  which  is  used  by 
.-any  authors,  the  number  of  the  injected  Del  amounts  to  eight,  but  the  re¬ 
sults  are  computed  totally  from  the  death  rate  from  one  to  eight  Del).  The 
existing  methods  of  antityphoid  immunization  create  basically  antiinfectious 
immunity  (it  is  known,  that  the  attaining  of  an  antiendotoxic  immunity  pre¬ 
sents  temporarily  great  difficulties),  and  the  testing  of  its  intensity  by 
moans  of  an  acute  poisoning  with  endotoxin  scarcely  could  be  correct.  After 
tho  injection  of  1  Del  of  typhoid  bacteria  the  mice  were  observed  over  a 
period  of  three  days,  because  those  which  survived  this  time  usually  lived 
l'urthor.  typhoid  monovaccine,  heated  at  $6°  during  an  hour,  taken  from  stock 
No  I1I1I46,  which  was  used  also  for  the  infection  of  mice  in  order  to  check  the 
efficiency  of  the  vaccination,  in  our  experiments  was  used  as  the  inoculativo 
preparation.  One  absolute  lethal  intraperitoneal  dose  of  this  culture,  in¬ 
jected  in  a  volume  of  0.$  ml  of  the  physiologic  saline  solution,  amounted 
to  125  mil.  of  microbe  bodies  of  &  daily  agar  culture. 

In  part  of  our  experiments  tetravaccine  prepared  in  the  Gamaleya 
Central  Institute  of  Experimental  Medicine  was  used  as  the  antigen. 

Injection  of  I4OO  mil.  microbe  bodies  of  the  vaccine  in  a  volume 
of  0.5  ml  of  physiologic  saline  solution  was  used  for  a  single  intraperitoneal 
immunization,  but  in  suboutaneous  inoculations  the  injection  of  200  mil.  for 
roimmunizations  and  liOO  rail,  for  a  single  one  were  used.  We  have  tested 
chiefly  the  effect  of  a  single  injection  of  antigen  in  the  indicated  doses, 
by  which,  using  intraperitoneal  inoculation,  sufficiently  intense  immunity 
could  be  attained  to  provide  resistance  to  1-2  Del  of  microbes,  within  7-10 
days.  Frequent  immunization  under  conditions  of  alternating  reactivity  of 
the  irradiated  organism  is  inconvenient,  because  its  completion  as  well  as 
the  data  of  the  efficiency  tests  extend  widely  beyond  the  limits  of  tho 
period  of  radiation  sickness  and  do  not  allow  estimates  of  the  intensity  of 
immunity  at  different  stages.  It  is  known  that  a  single  immunization  is  used 
in  general  immunobiology  in  order  to  attain  the  most  correct  evaluation  of 
the  quality  of  the  vaccine  (102).  A  single  injection  of  antigen  enables  one 
to  determine  the  difference  in  the  development  of  active  immunity  in  control 
and  irradiated  animals  even  during  the  course  of  radiation  sickness. 

To  investigate  the  effect  of  radiation  on  the  maintenance  of  ex¬ 
isting  active  immunity  and  to  determine  the  efficiency  of  inoculations  af¬ 
ter  irradiation,  the  immunization  and  irradiation  was  carried  out  in  differ¬ 
ent  combinations  (Table  6)  and  at  different  periods  of  radiation  sickness. 

Testing  of  intensity  of  immunity  by  means  of  infection  was 
carried  out  within  seven  days  following  immunization,  i.e.  after  the  shortest 
time  period  in  which  the  presence  of  immunity  would  be  estimated  during  the 
radiation  sickness,  which  took  place  at  this  time.  In  order  to  study  the 
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significance  of  tho  site  of  application  of  antigen,  the  immunization  was 
achieved  by  different  methods  of  injection  of  the  inoculative  substance.  The 
subcutaneous  mothod,  which  is  widely  used  in  the  inoculation  practice,  intra- 
poritoneal  mothod,  used  in  the  majority  of  experimental  works,  and  cutaneous 
vaccination  according  to  tho  technique  worked  out  by  us  (50  mg  of  dried, 
powdered  vdteine  was  transferred  to  a  scarified  skin;  the  skin  injury  was 
achieved  by  moans  of  emery  paper  )  were  tested,  taking  into  account  the  results 
of  a  series  of  authors  on  the  high  efficiency  of  intracutaneous  and  cutaneous 
inoculating  methods  (8,  52,  83)  (the  experiments  of  N.  N.  Klemoarskaya) . 

The  radiation  effect  was  achieved  by  a  total-body  X-irradiation  with  tho 
apparatus  RUM:  voltage  180  kV,  current  15  mA,  distance  50  cm,  dose  rate  l8-2li 
r/min;  filters  0.5  mm  Cut^I  mm  Al,  the  total  do s>e  300  r  (in  part  of  tests 
tho  dose  was  100-200  r).  In  one  series  of  tests  the  irradiation  of  mice 
was  carried  out  with  a  dose  of  3&7r  of  -rays  from  a  cooalt  source  with 
an  activity  of  23U  C  at  a  distance  of  35  cm. 

This  one  series  deals  with  the  studios  of  radiation  effect  on  a 
formed,  active  immunity  attained  as  a  result  of  an  intraperitoneal  injection 
of  vaccine  21  days  before  irradiation  (the  tests  of  R.  V.  retrov). 


Fig.  8.  Effect  of  radiation  on  the  intensity  of  active  immunityto  the 
causative  agent  of  typhoid  in  white  mice. 


B31  -  vaccination  and  infection  with  1  Dlm(minimal  lethal  dose); 
B03^  -  vaccination,  irradiation  and  infection  with  1  Dim; 

332  _  vaccination  and  infection  with  2  Dim; 

303^  -  vaccination,  irradiation  and  infection  with  2  Dim. 


A3  Fig.  8  shows,  irradiation  failed  to  lead  to  a  complete  disappearance 
of  immunity,  but  caused  a  significant  decrease  (the  survival  rate  of  irradiated 
animals  was  yi%  in  comparison  with  8($  in  control  mice).  This  decrease  was 
especially  sharply  pronounced  after  infection  with  2  Del;  there  were  no  sur¬ 
vivors  in  the  group  of  irradiated  animals. 

Analogous  data  were  obtained  (N.  N.  Klemparskaya)  also  in  the 
X-irradiation  of  immunized  animals. 

Tabls  6  (See  following  page). 

The  survival  rate  of  mice  that  recieved  subcutaneous  injection  of 
the  vaccine  after  their  infection  with  1  Del,  was  51.3/S,  but  that  of  animals 
irradiated  after  vaccination  was  found  when  tested  on  the  second  week  of 
radiation  sickness  to  be  equal  to  33«  3/Z- 


32 


33 


Second-thirb  .  19  17  11.1  10  1  90.0 


o  o 


VO 


-3  O 


CO 

CO 


CM 


I 


3 


:  *  p  mu 


0) 

0) 

? 

0> 

o 

•H 

1 

1*4 

4J 

* 


8 


etSiTfS 


snoeire^no 


A  greater  depression  of  immunogenes is  was  observed  if  the  ino¬ 
culations  were  carried  out  after  X- irradiation.  The  stage  of  sickness  de¬ 
pended  on  radiation  dose  and  period  of  radiation  sickness. 


Control 


Control 


Control 


wor 


First  week  Second  week  Within  30  days. 

Fig.  9.  Immunization  efficiency  in  mice  at  different  periods  after  irradiation 
with  a  dose  of  100-300  r  (the  percentage  of  survival  is  given).  Intraperitcneal 
vaccination  was  carried  out. 


Fig.  9  shows  a  significant  decrease  in  the  immunization  efficiency 
at  a  definite  period  after  irradiation  and  intraperitoneal  injection  of  anti¬ 
gen.  One  can  see,  that  this  decrease  is  especially  pronounced  in  immunization 
in  the  second  week,  i.e.  during  the  peak  of  radiation  sickness.  The  capacity 
to  develop  active  immunity  is  restored  within  30  days  following  radiation. 

The  higher  the  radiation  dose,  the  slower  the  restoration. 

The  total  data  of  the  experiments  on  efficiency  of  immunization 
by  different  methods  at  different  periods  after  irradiation  are  presented, 
as  mentioned  before,  in  Table  6.  Two  common  mechanisms,  confirmed  at  pre¬ 
sent,  by  numerous  papers  published  should  be  mentionod:  the  active  im¬ 
munity  formed  up  to  the  moment  of  irradiation  is  also  maintained  after  it, 
decreasing  markedly  during  the  course  of  radiation  sickness.  But  if  the 
inoculation  is  carried  out  on  irradiated  animals,  then  the  development  of 
nonsusceptibility  to  infection  with  living  microorganisms  is  highly  de¬ 
pressed.  Simultaneously  with  the  present  investigations,  studios  of  active 
immunity  on  the  typhoid  infection  model  were  carried  out  by  M.  A.  Tumanian 
and  A.  V.  Izvekova  (l6j>),  who  used  infection  with  1-8  Del  according  to  the 
Reed  and  Kench  method.  It  is  of  interest,  that  depression  of.  irvrmogenesis 
is  manifested  differently  if  antigen  is  injected  in  different  regions  of 
the  body.  Immunization  by  means  of  intraperitoneal  injection  of  vaccine 
in  the  experiments  of  N.  N.  Klemparskaya  gave  rather  intense  immunity  on 
the  first  week  following  inoculation  and  on  the  first  day  after  irradiation 
(the  survival  rate  after  the  injection  of  1  Del  was  70-72!$). 

This  method  allows  one  to  immunize  animals  at  the  time  of  the  so- 
called  radiosensitive  phase  (lst-2nd  day) .  Such  a  fact  has  great  value  not 
in  revealing  the  presence  of  any  special  sensitivity  in  a  certain  phase  of 
immunogenesis  in  general,  but  in  showing  how  important  are  studies  of  the 
conditions  for  reception  of  antigen. 

As  the  presented  data  show,  the  lower  the  radiation  dose,  the 
more  rapidly  occurs  the  restoration  of  immunobiological  r  eactivity  in  mice 
after  a  month  following  irradiation  (100-300  r).  Thus,  for  instance,  intra- 
poritoneal  immunization  on  the  3rd-Uth  week  after  exposure  to  300  r  resulted 
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•  survival  rate  of  $(d%,  but  tho  inoculations  of  animals  oxposod  to  a  doso 
i  -Q  r  gave  a  survival  rate  of  90£. 

Thus,  the  capacity  of  the  irradiated  organism  to  develop  active 
- -;:.ity  deponds  on  the  radiation  dose,  on  the  period  of  radiation  sickness, 

V  the  relationship  between  the  time  of  immunization,  radiation  effect,  and 
....  of  antigen  injection.  Obviously  the  intensity  of  immunity  produced 
•'ore  irradiation  as  well  as  that  attained  by  maans  of  inoculation  of  the 
--.idiatod  organism  will  the  lowest  at  the  period  of  the  pronounced  clinical 
• irorno  cf  radiation  sickness. 

Moreover,  immunization  at  this  time  is  dangerous  and  contraindicated, 
.  it  may  cause  serious  harm.  Unfortunately,  this  problem,  although  it 

;  .,5  a  great  practical  value,  is  not  clarified  by  the  data  in  the  literature. 

Shechmeister,  Bond  and  Swift  (2?U)  have  described  an  increase  in 
i.r.0  number  of  cases  of  bacteriemia  in  mico  irradiated  and  vaccinated  with 
jiillod  culture  of  plague  bacteria  as  compared  with  that  of  animals  irradiated 
only  • 


Some  experimental  data  df  N.  N.  Klemparskaya  are  given  below,  which  . 
,..rc  illustrated  in  Fig.  10  and  Table  7.  Judging  by  the  number  of  mice  that 
cied  from  immunization  alone,  it  may  be  concluded  that  the  irradiated  organism 
becomes  extremely  sensitive  to  the  toxic  effect  of  the  vaccine.  Thus,  for 
instance,  if  a  single  injection  of  typhoid  monovaoclne,  propared  by  the  author, 
cau sod  death  to  S-1%  of  the  animals  thati«re  healthy  before  inoculation,  then 
tho  percentage  mortality  of  animals  on  the  first  week  of  radiation  sickness 
increased  to  10.6,  and  on  the  second  week  to  83. h%.  These  data  indicate  the 
necessity  of  paying  great  attention  to  studies  of  reactivity  to  vaccination  in 
irradiated  organisms,  in  order  to  obtain  certain  values  and  contraindications 
for  attaining  active  immunization  of  the  organisms,  which  had,  a+.  any  stage, 
contact  with  ionizing  radiation. 

It  is  well  known,  that  the  reaction  of  the  organism  to  the  injection 
of  antigens  can  alter  markedly  dependent  on  the  presence  of  preliminary  con¬ 
tract  with  the  same  antigen.  Despite  the  absence  of  data  on  the  nature  of 
this  phenomenon  at  present,  preliminary  immunization  is  widely  used  in 
immunological  practice  in  order  to  attain  a  higher  vaccination  efficiency. 
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injection 


Fig.  10.  Percentage  mortality  of  mice  after  inoculations  at  different  periods 
of  radiation  sickness  using  different  methods  for  the  injection  of  typhoid 
vaccine. 
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Thore  are  only  a  few  data  in  the  radiobiological  literature  on  tho 
efficiency  of  revaccination  of  irradiated  organisms,  and  at  th6  period  of 
the  performance  of  this  experiment  (1955)  these  data  referred  only  to  the 
studios  of  the  production  of  antibodies.' 


I.  A.  Pigalev  (129)  in  his  laboratory  has  obtainod  data  which  in¬ 
dicate  tho  absence  of  production  of  immune  bodies  after  revaccination^with 
diphtheria  anatoxin  in  rabbits,  that  received  an  injection  of  LDC 
polonium. 


550/60 


of 


A.  F.  Kosov  (87),  on  the  contrary,  observed  a  sound  formation  of 
agglutinins  in  rabbits  that  received  a  revaccination  with  living  tularemia 
bacteria  at  6-7  months  following  their  exposure  to  800  r.  Such  a  difference 
may  be  explained  by  differences  in  the  nature  of  the  effect  as  well  as  by 
differences  in  the  periods  chosen  by  the  authors  for  the  determination  of 
antibody  titers. 


Table  7 


Reactivity  of  mice  to  different  vaccination  methods  before  and  after  irradiation 


Vaccination 

method 

Before  and  after 
exposure  to  300 r; 
the  number  of 
oculations 

Day  of  i-adi- 
ation  sick¬ 
ness  on  which 
inoculated. 

Death  rate  of  animals  after 
inoculations. 

Total  number 
of  mice 

Number 

of 

deaths 

Death 

rate, 

1 V 
/o 

Subcutaneous 

Before  irradi- 

... 

19U 

30 

15.1* 

injection. 

ation 

3  times 

After  irradiation 

From  the  1st 

through  the 

85 

h5 

81.8 

Before  irradiation 

. 

single  injection 

— 

106 

27 

25.  U 

three  times 

— 

35 

21 

60.0 

Intraperitoneal 

total  by  the  two 

Uil 

k& 

31.0 

injection 

methods 

After  irradiation 

First  day 

93 

10 

10.6 

(single) 

Second  week 

85 

71 

83.  h 

Third-fourth 

1 

week 

87 

50 

57.3 

Before  irradiation 

23 

2 

11.7 

Cutaneous 

After  irradiation 

First  through 

third  day 

63 

5 

7.5 

Second  week 

22 

5 

22.7 

Only  I  r  r 

a  d  i  a  t.e  d  (  , 

30  0  r) 

65 

7.0 

Bose  of  polonium  whose  injection  caused  death  to  50%  of  anirna'l's "over  the 
period  of  60  days . 
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In  tho  experiments  presented  here,  primary  immunization  as  well  as 
■  -i.-.ition  wore  carriod  out  after  irradiation.  Reaction  of  the  irradiated 
-•kism  and  efficiency  of  rovacclnation,  if  a  preparatory  injection  of  anti- 
•  •  v'l'oro  radiation  were  used  which,  as  was  indicated,  significantly  in- 

the  efficiency  of  subsequent  inoculations, — still  remained  in  the  dark. 

In  our  opinion,  such  a  possibility  of  increase  in  efficiency  of 
--.nization  has  to  be  tested  in  radiobiological  experiments.  To  clarify  the 
■  •  iloa  of  a  possible  increase  in  efficiency  of  antityphoid  immunization  of 

it<:d  animals  by  means  of  a  preliminary  immunization  before  exposure,  three 
"-ios  of  experiments  were  carried  out  by  N.  N.  Klemparskayaj  the  results  are 
r. I  ted  in"  Tables  8,  9  and  10. 

In  the  first  series  of  experiments  (Table  8),  the  efficiency  of 
-..vacillation  after  irradiation,  by  different  methods  at  various  periods  during 
-vkation  sickness  was  determined.  The  data  obtained  were  compared  with  the 
results  of  single  immunization  of  irradiated  animals,  which  were  obtained 
-,-cviouoly  and  preoented  in  Table  6.  If  the  survival  rate  of  irradiated  mice  that 
received  an  intraperitoneal  inoculation,  on  the  second  week  of  radiation  sickness 
-.••ovioualy  was  2h.2$,  then  in  the  experiment  in  which  such  an  inoculation  was  re- 
vaccination,  the  survival  rate  increased  to  62.4$.  In  this  series  there  was  no 
Ilmultanoous  immunization  of  irradiated  mice  without  a  preliminary  preparation  by 
Injecting  antigen,  therefore  in  the  following  experiments  the  efficiency  of  immuni¬ 
sation  of  nonirradiated  (vaccinated  and  revaccinated)  mice  and  that  of  similar 
-roups  of  irradiated  animals  were  investigated  simultaneously.  The  experimental 
results  are  presented  in  Tables  9  and  10  according  to  two  different  methods  of  im¬ 
munization. 

Comparison  of  the  survival  rates  of  vaccinated  and  revaccinated 
irradiated  mice  shows  a  remarkable  increase  in  the  efficiency  of  immunization 
in  the  presence  of  a  preliminary  (before  exposure)  contact  with  antigen. 

Thus,  for  instance,  revaccination  increases  the  survival  rate  of  mice 
ir.ooulatod  and  infected  after  exposure:  using  the  intraperitoneal  method  it  in¬ 
creases  from  38.8  to  81.8$,  and  using  the  subcutaneous  injection  it  increases 
from  to  82.2?. 

It  is  important  to  take  into  consideration  that  after  revaccination, 
tho  toxic  effect  of  the  vaccine  on  the  organism  and  the  number  of  animals 
whose  death  was  caused  by  revaccination  (before  infection)  decreases. 

The  data  obtained  indicate  the  direction  of  further  investigations 
with  regard  to  the  possibilities  of  effective  immunization  of  irradiated  organ¬ 
isms.  Different  antigens  in  different  schedules  of  primary  and  secondary  im¬ 
munization  have  to  be  tested,  and  investigation  of  the  characteristics  of  this 
phenomenon  must  be  carried  out  in  order  00  understand  its  nature. 

What  is  the  factor  on  which  this  favorable  effect  of  preliminary  con¬ 
tact  of  organism  with  antigen  before  irradiation  depends,  which  secures  the 
suc’cess  of  the  subsequent  immunization? 

Two  important  factors  have  to  be  considered  here.  One  of  them  was 
well  known  to  immunologists  previously,  but  the  other  one  (although  individual 
facts  were  reported  in  different  papers)  drew  our  attention  only  during  the 
performance  of  the  present  experiments. 

An  increased  sensitivity  of  the  organism  to  the  perception  of  antigen 
stimulation  and  an  increased  intensity  of  the  response  after  a  preliminary  contact 
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iatsd 


Tot 


i.-.tieon  is  the  first  factor.  There  are  data  in  the  published  literature 
determination  of  the  optimal  conditions  under  which  such  a  repeated 
• ; million  could  be  used  (tho  duration  of  the  intervals,  doses  of  antigen  and 
■  •  ii/co,  aro  studied)  ($1,  169,  100).  The  possibility  of  practical  use  of 
r-.v»:c ir-ition  in  order  to  attain  a  complete,  active  immunity  to  different  in- 
'..jllws  diseases  has  been  established. 

It  may  be  assumed  that  the  increased  sensitivity  to  the  given 
ir.or,  in  animals  vaccinated  preliminarily  is  maintained  and  that  the  re- 
.-.•::ination  carried  out  on  exposed  animals  proves  to  be  more  effective. 

Table  9 

efficiency  of  vaccination  and  revaccination  of  irradiated  and  control  mice  that 
received  an  intraperitoneal  inoculation  of  1  Dei. 

•  ■  r.u  of  _  I  Oroup  (No  of  |  Infection  of  mice  exposed  to  a  300  r  dose  within 


2-3  weeks 


total 
number 
of  mice 


weeks 


aarviv- 
al  rate 
in  % 


Primary 

immunization 


Control 
(nonir- 
rad. ) 


Irrad¬ 

iated 


T  o  t  a 


Control 

(nonir- 

rad.) 


Tot 


The  primary  vaccination  was  carried  out  15-20  days  before  irradiation. 


However,  in  addition  to  this  circumstance,  other  phenomena  which  we 
discovered  only  during  the  observation  of  vaccinated  and  irradiated  animals 
havo  to  be  considered  as  well.  J 
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1}  The  priory  vaccination  was  carried  out  15-20  days  before  irradiation. 
2)  After  the  infection  all  surviving  mice  became  severely  ill. 


v<£.  ll.  Appearance  of  mice  exposed  to  U00  r  on  the  12th  day  of  radiation 


iciness.  ,  ,  ,  . 

r.c  mouse  to  the  right  was  immunized  with  typhoid  vaccine  vio  weeKS  before 
rradiationj  the  mouse  to  the  left  was  not  subjected  to  imsmization. 


VJs  mean  to  nonspecific  favorable  effect  of  the  injection  of  the 
-fortune es  of  the  vaccine  and  that  of  inflammation  caused  by  it,  on  the  course 
;f  radiation  sickness. 

The  papers  of  I.  A.  pigalev  and  his  co-workers  contain  a  note  that 
animals  that  received  injections  of  radioactive  substances,  or  in  which 
septic  inflammatory  foci  (176)  were  created,  or  that  were  subjected  to  active 
immunization  with  typhoid  vaccine  and  tetanus  toxoid,,  the  survival  rate 

increases. 

Our  attontion  was  drawn  by  the  groat  difforonco  botwoon  the  general 
condition  of  mice  that  were  vaccinated  before  irradiation  in  order  to  prevent 
an  attack  of  typhoid,  and  mice  which  did  not  get  such  an  immunization  (the 
experiments  of  K.  N.  Klemparskaya).  Fig.  11  snows  two  mice  exposed  to  an 
icontical  dose  (hOO  r).  The  picture  was  taken  on  the  12th  day  of  radiation 
sickness.  To  the  left  is  the  control  mouse;  she  is  sluggish,  sick,  with 
ruffled  hair;  she  failed  to  receive  the  preliminary  immunization.  To  the 
right  is  the  mouse  that  before  irradiation  was  inoculated  once  with  typhoid 
bacteria;  her  appearance  is  comparable  to  that  of  healthy  mice. 

X.  N.  Klemparskaya  set  up  experiments  in  order  to  study  the  effect 
of  active  Immunization  on  the  course  of  radiation  sickness.  Observation  was 
.made  of  the  changes  in  weight  and  in  death  rate  of  mice,  that  received  the 
vaccine  1U,  7  ana  3  days  before  irradiation  and  of  those  with  no  such  preparation. 
Three  hundred  forty-nine  mice  weighing  18-20 g  were  taken  for  the  experiment. 

The  inoculated  and  control  animals  were  exposed  simultaneously  to  a  dose  of 
Ii00-Li50r  under  the  conditions  described  above. 

A  great  difference  in  weight  change  of  tne  mice  ~ 

liminarily  and  the  noninoculated  mice,  that  were  irradiate^  “while  the  Veight 
of  i'dco  irradiated  only  dropped  continuously,  an  increase  was  observed  in  the 
inoculated.  The  animals  grow,  appeared  healthy  and  had  good  appetites.  Their 
couth  rate  was  3-12  times  lower  than  that  of  mice  which  failed  to  receive  a 
preliminary  inoculation. 

These  facts  deserve  close  attention  and  investigation,  because  they, 
indicate  an  additional  important  effect  of  active  immunization  (in  addition  to 
protection  against  the  infection),  which  can  be  very  useful  for  persons  working 
under  the  conditions  of  radiation  exposure.  The  observations  presented  agree 


well  with  the  data  of  other  co-workers  of  our  laboratory.  Thus,  V.  F.  Sosova 
in  her  experiments  with  rabbits  has  found  that  a  fourfold  intraveneous  injection 
of  the  vaccine  of  coliform  bacteria,  paratyphoid B rod  and  Flexner  dysenteria  rod 
before  the  exposure  to  800  r  doubles  the  survival  rate  of  the  animals,  retards 
the  development  of  leukopenia  and  accelerates  the  restoration  of  leucocytes.  On 
the  contrary,  the  injection ‘of  the  same  vaccines  after  irradiation  led  to  a  sever* 
general  reaction  and  deterioration  in  the  condition  of  the  raobits.  0.  R. 
Nemirovich-Danchenko  has  observed  the  favorable  influence  of  a  preliminary  im¬ 
munization  on  mice  that  received  polonium  at  a  dose  of  0.1  raC/kg.  A  decrease 
in  the  body  weight  of  injected  animal',  by  10?  was  observed,  and,  all  of  them 
died  by  the  17th  day  (their  mean  life  span  was  Uj  days^,  exit  mice  that  also  re¬ 
ceived  tetravaccine  once  or  twice  lived  till  the  37th  day  (average  2h  days), 
did  not  lose  weight,  and  even  increased  it  by  6-7?.  G.  M.  L* vitsyna  reports 
an  increase  in  the  survival  rate  of  guinea  pigs  exposed  to  a  200  r  X-ray  dose, 
and  inoculated  with  the  BTsZh  intracutaneously  two  weeks  before  irradiation. 

Eleven  out  of  12  inoculated  guinea  pigs  survived,  while  in  the  noninoculated 
group  only  two  out  of  nine  pigs  survived.  AH  these  data  are  consistent  with 
the  facts  presented  in  the  paper  of  D.  A.  Kaulen  (6ii).  The  author  has  observed 
a  lower  death  rate  in  guinea  pigs  that  received  diphtheria  anatoxin  and  were 
exposed  to  350  r. 

Consequently,  investigation  of  active  immunization  in  exposed  organisms 
provides  data  not  only  for  practical  conclusions  on  the  increase  in  its 
efficiency  in  ordor  to  protect  the  body  from  infectious  diseases,  but  also  assists 
in  interpreting  the  pathogenesis  of  radiation  sickness  and  disturbances  in  the 
reactivity  of  the  organism  characteristic  of  the  sickness. 

A  theoretical  investigation  of  the  causes  of  such  a  favorable  effect 
of  active  immunization  on  the  course  of  radiation  sickness  is  of  interest  too* 

One  could  assume  that  immunization  and  radiation  affect  the  same  physiological 
systems  of  the  organism,  and  if  the  stimulation  from  the  antigens  has  been  per¬ 
ceived  then,  obviously,  these  systems  become  refractory  and  do  not  react  to  the 
effect  of  radiation.  Such  facts  are  described  in  immunology  (50,  223  end  others) 
with  reference  to  a  reciprocal  effect  of  two  injected  antigens.  This  assumption 
explains  anothor  phenomenon  too,  namely,  the  disturbance  la  immunogenesis  in 
cases,  in  which  the  exposure  precedes  immunization,  which  under  such  conditions 
becomes  ineffective. 

Thus,  we  have  obtained  data  (by  using  living  bacteria  injections  for 
the  evaluation  of  the  intensity  of  immunity),  which  indicate  the  importance  cf 
many  conditions  for  the  efficiency  of  immunization:  relationships  between  the 
times  of  irradiation  and  immunization,  the  radiation  dose  and  the  period  of 
radiation  sickness.  We  consider,  that  special  attention  has  to  be  paid  to 
further  study  of  the  dependence  of  the  efficiency  of  immunization  on  the  selection 
of  the  site  of  injection  of  the  antigen.  The  fact  of  a  significant  increase  in 
the  toxic  effect  of  the  inoculation  substance  after  exposure  requires  attention 
as  well. 


Despite  a  significant  depression  of  immunogenesis  after  irradiation, 
a  rather  intense  immunity  was  successfully  attained.  At  the  same  time  the 
harmful  effect  of  radiation  was  decreased  by  means  of  a  preliminary  contact 
of  the  organism  with  the  antigen  before  irradiation. 


Consequently,  a  definite  course  for  further  experimental  investigations 
has  been  set.  These  studies  must  find  effective  and  practically  accessible 
methods  which  would  help  to  increase  the  immunobioiogical  reactivity  of  the 
irradiated  organism. 
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On  closing  we  must  discuss  the  question  of  the  specificity  of  the 
.  .'-os  in  immunobiological  reactivity  with  respect  to  the  effect  of  ionizing 
;Uwi  on* 


It  is  well  known  that  anything  that  depresses  the  vital  activity  of 
\'.o  organism,  such  as  starving,  overheating  or  cooling,  exhaustion,  traumas, 
::.:oxication,  infectious  diseases,  or  tumors,  decrease  the  ability  of  the 
c:var.ism  to  develop  active  immunity.  The  effect  of  definite  radiation  doses  is 
referable  to  the  same  depressing  factors. 

A  general  impression  forms  that  there  is  no  particular  specifity  in 
.vc  character  of  the  effect  of  radiation  on  immu nogenesis.  However,  with  a 
">ro  careful  examination  of  this  question  several  peculiarities  can  be  found, 
:.v,ract eristic  of  the  effect  of  radiation.  * 

The  damaging  effect  of  radiation  on  immunogenesis  is  intensely  pro- 
.wanced  and  follows  the  irradiation  directly,  even  when  the  general  condition  of 
*.r.o  organism  remains  good.  This  disturbance  in  the  capacity  for  active  im- 
mr.isation,  which  appears  early,  evidently,  is  connected  with  an  impediment  in 
•  ;-o  perception  of  antigen  stimulation. 


In  the  reactions  to  all  the  other  factors  listed  above,  the  dis- 
lurbance  in  immunogenesis  is  the  consequence  of  the  development  of  a  severe 
condition  in  the  organism,  i.e.  it  is  because  of  the  disturbance  in  the 
possible  reaction  to  the  antigenic  stimulation.  Depression  of  immunogenesis 
in  this  case  appears  not  from  the  beginning  of  the  reaction  to  any  of  these 
factors,  but  when  serious  pathologic  changes  develop  in  the  organism.  Con¬ 
sequently,  the  effect  of  radiation  on  immunogenesis  may  be  specific  not  with 
respect  to  the  end  result,  but  with  respect  to  its  effect  on  a  definite  stage 
of  immunogenesis  and  the  character  of  this  effect. 

Thus,  studies  of  radiation  effect  on  active  immunity  may  assist  a 
deeper  understanding  of  the  stages  of  immunogenesis. 

Further  investigations  in  this  region  have  to  assist  in  obtaining 
now  theoretical  information  and  working  out  of  practical  measures  for  increasing 
the  quality  of  active  immunization  in  organisms  subjected  to  the  effects  of 
ionizing  radiation. 

State  of  Passive  Immunity  in  Irradiated  Animals. 

As  seen  from  the  above  discussion,  studies  with  respect  to  the  effect 
of  radiation  on  active  immunity  were  begun  a  long  time  ago.  But  the  state  of 
passive  immunity  under  the  conditions  of  irradiation  was  neglected.  The  re¬ 
searchers  ignored  this  question  completely,  unjustly.  Meanwhile  the  vast  use 
of  the  serotherapy  and  seroprophylaxis  in  the  practical  activities  of  the 
sanitation  officers  does  not  allow  one  to  leave  it  unsolved. 


The  first  report  that  we  found  in  the  literature  accessible  to  us 
concerning  the  affect  of  radiation  on  passive  immunity,  goes  back  to  19lilw 
These  are  the  experiments  of  Naiman  (271),  which  indicated,  that  if  rats  are 
infected  with  trypanosomes  together  with  the  injection  of  a  specific  serum 
within  an  hour  following  their  exposure  to  300-500  r,  the  efficiency  fails  to 
change.  The  author  explains  the  almost  complete  absence  of  radiation  effects 
on  serotherapy  by  the  fact  that  during  this  period  (primary  reaction)  the 
macrophage  system  of  animals  has  not  yet  changed,  and  it  participates  in  the 
defense  of  the  organism. 
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If  the  research  work  is  presented  in  chronological  sequence,  then  the 
experiments  of  one  of  the  authors  of  this  book  (0.  G.  Alekseyeva)  have  to  be 
mentioned.  The  experiments  were  started  in  19ii8. 

At  the  beginning  of  the  experiments  of  0.  G.  Alekseyeva  ($)  only  the 
investigations  of  Nairnan  were  published.  During  the  experimentation  time  two 
more  papers  appeared. 

The  investigations  of  Adler  and  Shechmeister  (182)  showed  that  after 
intraperitoneal  injection  of  the  toxin  of  the  causative  agent  of  gas  gangrene 
(Clostridium  seoticum)  on  the  7th  day  following  total  body  exposure  to  a  3$0  r 
dose,  the  LDcJq  decreased  twofold  as  compared  with  the  nonirradiatod  animals. 
Thus,  the  LD^g  of  nonirradiated  mice  was  equal  to  0.1$  ml  of  the  toxin,  but  was 
only  0.07  ml.  in  irradiated. mice.  Based  on  these  data  the  author®  assumed,  that 
for  protecting  against  a  dose  with  a  greater  toxic  effect  more  antitoxic  serum 
is  required.  The  experiments  confirmed  this  assumption.  The  PD£q  (prophylactic 
dose)  of  serum  for  nonirradiated  mice  amounted  to  5*71  x  10"k  ml.,  but  it  in¬ 
creased  to  1.97  x  10“ 3  ml.  for  irradiated  mice. 

The  authors  of  the  second  paper  Hale  and  Stoner  (2 3U)  continued  the 
investigations  of  the  effect  of  radiation  on  the  preventive  effect  of  anti¬ 
toxic  serum  after  the  animals  wero  poisoned  with  toxins.  They  observed  a  de¬ 
pressing  effect  of  radiation,  at  a  dose  of  750  r  of  y  -rays  of  a  cobalt  source, 
on  the  preventive  properties  of  the  antitetanus  serum  in  mice  poisoned  by  the 
toxin. 


The  other  part  of  investigations  of  these  authors  are  of  great  interest 
to  us.  These  are  the  data  with  respect  to  a  complete  depression  of  the  protective 
effect  of  serum  in  mice  infected  with  pneumococci  (type  III)  three  days  before 
the  exposure  to  a  dose  of  625  r.  First,  these  investigations  indicate  that  the 
passive  immunity  created  earlier,  might  become  depressed  under  the  effect  of 
radiation.  Second,  the  conditions  of  the  experiment  are  more  natural,  because 
infection  with  a  culture,  not  poisoning  with  a  toxin,  is  used. 

These  two  concepts  are  the  basis  of  our  own  investigations  (0.  G. 
Alekseyeva,  (5)). 

1.  To  test  the  intensity  of  antidiphteria  immunity,  even  in  cases  in 
which  antitoxin  serums  are  used,  the  infection  must  be  done  with  a  living  culture, 
not  by  poisoning  with  exotoxin.  The  method  of  experimental  infection  of  animals 
with  microbes  monopathogenic  for  humans  is  rather  artificial  and  there  is  no 
reason  to  complicate  the  conditions  by  a  more  unnatural  effect:  by  a  single  in¬ 
jection  of  a  large  dose  of  toxin.  Besides  there  is  a  vast  literature  indicating 
that  immunity  to  diphtheria  depends  not  only  on  the  presence  of  antitoxins,  but 
also  on  antibacterial  factors  of  defense. 

2.  The  reaction  of  antitoxic  serums  does  not  limit  itself  to  the 
creation  of  an  antitoxic  immunity,  but  it  depends  much  on  the  condition  of  the 
antibactorial  defense  mechanisms  of  the  organism  and  assists  their  stimulation. 

In  the  first  series  of  experiments  we  investigated  the  possibility 
of  creating  passive  immunity  during  the  period  of  development  of  the  clinical 
syndrome  of  radiation  injury.  Guinea  pigs  were  exposed  to  X-irradiation  at  an 
LDcjq  .  dose^),  on  the  Uth-6th  day  they  received  the  injection  of  5000  AE  anti- 
dipht^Pia  serum  and  simultaneously  or  after  l-l£  hours  they  were  infected  sub- 


IT)  Radiation  dose  which  caused  death  of  50£  of  animals  during  30  days. 
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In  seven  out  of  twelve  control  (nonirradiated) . animals  local  purulent 
t;flarmatory  reactions  developed,  but  they  recovered  by  the  end  of  the  observation 
•  ..riod  (one  month).  The  remaining  five  animals  endured  the  infection  with  no 
: .  ;.ical  phenomena.  Two  out  of  seven  experimental  guinea  pigs  (irradiated)  died 
symptoms  of  a  developing  diphtheria  infection,  four  were  sick  and  recovered 
only  one  guinea  pig  failed  to  display  any  pathologic  symptoms.  To  clarify 
v,o  significance  of  some  antibacterial  mechanisms  in  the  depression  of  passive 
;-.r;r.ity  observed  in  irradiated  animals,  tests  were  made  which  aimed  at  studies 
f  tho  intensity  of  the  phagocytic  in  vivo  reaction  and  the  course  of  the  in- 
.-ra tory  reaction  to  intracutaneous  infection  with  the  culture. 


The  study  of  phagocytosis  was  carried  out  on  irradiated  guinea  pigs 
.  Vt.  wore  passively  immunized  according  to  the  same  scheme  by  means  of  an  intra- 
;  •  ritonoal  infection  with  3  bil.  microbes.  After  1,  2,  3,  i»,  5,  6,  9,  12,  18,  2li, 
72  and  320  hours,  puncture  samples  extracted  from  the  abdominal  cavity  were 
investigated  microscopically. 


The  irradiated  animals  showed  a  later  appearance  of  phagocytosis  in 
\:.(j  exudate  (after  3-5  hours)  as  compared  with  nonirradiated  control  guinea 
•dgs  (after  1-3  hours),  lower  intensity  (8  times  lower),  shorter  duration  of 
•ho  phase  of  increase  (up  to  6  hours  after  infection;  the  observation  was  con- 
ilnuod  to  2h-Ii8  hours)  and  a  more  rapid  cessation  of  this  process  (phagocytes 
v.-ro  observed  to  disappear  within  ii8  hours,  while  in  control  guinea  pigs  they 
were  present  after  72  hours).  In  consequence  the  sterilization  of  the  abdominal 
cavity  infected  with  diphtheria  bacteria  was  retarded  to  the  5th  day  and  more, 
while  in  nonirradiated  animals  it  occurred  within  18  hours  and  never  later  than 
two  days. 


The  study  of  the  inflammatory  reaction  to  intracutaneous  infection 
with  100  mil.  of  microbes  in  passively  immunized  animals  was  first  carried  out 
or.  guinea  pigs.  The  irradiation  and  immunisation  conditions  were  as  was  in¬ 
dicated  previously.  Observation  over  four  days  failed  to  note  any  difference 
ootwoen  the  local  reaction  in  irradiated  (11  guinea  pigs)  and  nonirradiated 
(7  pigs)  animals.  By  forestalling' objections,  it  should  be  noted  that  D.  R. 
Kaulen  (6h)  could  not  detect  difference  in  the  course  of  the  intracutaneous 
reaction  to  the  diphtheria  toxin  between  irradiated  and  nonirradiated,  passively 
immunized,  animals.  These  observations  allow  one  to  conclude  that  it  is  not  so 
much  that  depression  of  passive  immunity  after  irradiation  is  pronounced,  as 
that  the  macroscopic  form  of  the  inflammatory  reaction  to  intracutaneous  in¬ 
jection  of  diphtheria  bacteria  (or  toxin)  is  changed,  or  that  intracutaneous 
reactions  in  general  do  not  reflect  the  intensities  of  passive  immunity.  But, 
perhaps,  a  more  detailed  examination  could  detect  the  difference? 

Aiming  at  this  goal,  experiments  were  set  up  on  rabbits.  The  scheme 
was  identical  to  that  for  guinea  pigs,  but  the  intracutaneous  reaction  was 
initiated  simultaneously  on  five  sections  of  the  body,  and  then  after  1,  3,  6,  12 
and  2iu  hours  the  inflammatory  loci  were  excised  for  histological  investigation. 

Cn  the  fifth  day  following  exposure  to  a  sublethal  dose  of  X-rays,  7500  AE  of 
scrum,  and,  after  1^  hours,  100  mil.  of  microbes  per  sample,  were  injected. 

The  nonirradiated  rabbit  displayed  an  intense  inflammatory  reaction 
with  edema,  hyperemia  and  local  leucocytosis.  Bacteria  were  not  observed  in 
slices  of  the  inflammatory  loci  by  six  hours  following  infection.  The  scars 
after  biopsies  healed  by  primary  intention. 
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The  intensity  of  edema,  hyperemia  and  especially  that  of  local 
leucocytosis  was  less  pronounced.  The  bacteria  were  determined  in  cuts  at  all 
observation  times.  The  scars  after  biopsy  became  suppurated  and  healed  by 
secondary  intention. 


Thus,  the  experiments  performed  provide  a  conclusion  that  on  the 
5th  day  of  radiation  sickness,  even  after  the  injection  of  increased  doses  of 
antitoxic  antidiphteria  serum,  the  organism  is  not  capable  of  mobilizing  antl- 
microbic  defense  mechanisms.  But  certainly  the  antitoxic  mechanisms  play  a 
groat  role  in  antidiphtheria  immunity.  What  happens  to  them?  Hov  will 
immunity  develop  after  the  injection  of  minimal  serum  doses?  (Xir  experiments 
did  not  clarify  these  questions,  but  they  allowed  one  to  ascertain  whether  re¬ 
sistance  to  diphtheria  bacteria  in  irradiated  animals  is  maintained  after  the 
injection  of  serum.  However,  they  failed  to  discover  all  the  mechanisms  of 
this  phenomenon. 

After  the  completion  of  our  work  in  the  laboratory  of  V.  L.  Troitskii, 
D.  R.  Kaulen  (6Jj)  carried  out  studies  of  antitoxic  mechanisms  of  antidiphtheria 
immunity  by  injecting  10  A£  to  guinea  pigs  at  different  times  after  exposure  to 
1$0  r.  Within  li8  hours  following  the  injection  of  serum  the  animals  received 
30  Dim  of  diphtheria  toxin  each.  Under  such  an  experimental  arrangement,  almost 
all  nonirradiated  guinea  pigs  survived,  and  0.16  AE  of  antitoxin  was  found  in 
their  blood.  Almost  all  irradiated  animals  (the  experiment  was  arranged  within 
1-7  days  after  exposure)  died,  in  spite  of  the  fact  that  their  blood  also  con¬ 
tained  0.16  AE  each.  In  a  special  series  of  experiments  it  was  found,  that 
after  passive  iszeunization  the  irradiated  and  control  animals  contain  antitoxin 
in  identical  titers. 


The  author  comes  to  a  conclusion  similar  to  ours:  the  state  of  re¬ 
activity  of  the  organism,  not  the  amount  of  antitoxin,  plays  the  chief  role  in 
the  development  of  passive  immunity  in  irradiated  animals.  Bit  how  is  this  to 
be  coordinated  with  the  data  of  Adler  and  Shechmeister  (1.82)  with  respect  to 
the  dependence  of  efficiency  of  passive  immunity  on  increased  sensitivity  of 
the  organism  to  toxin?  The  point  is,  that  there  is  no  contradiction.  The 
dynamics  of  formation  of  passive  antibodies  do  not  change  or  change  Insignificantly, 
which  was  confirmed  also  by  the  investigations  of  Hollinsworth  (2li2),  Bukantz, 

Dixon  and  Damain  (195).  But  the  biological  effect  of  serum  as  the  stimlant  of 
defense  mechanisms  decreases,  because  the  biological  effect  of  the  toxin  dose 
increases  because  of  the  increased  sensitivity  of  the  irradiated  organism.  At 
the  same  time  the  organism  injured  by  radiation  sickness  reacts  less  to  the  in¬ 
jection  of  a  serum  dose,  effective  previously.  This  is  completely  understandable, 
because  the  mechanisms  of  natural,  nonsusceptibility  to  microbes  are  damaged 
(see  Chapter  2).  However,  the  concept  of  passive  immunity  as  an  active  process 
of  the  macroorganism,  in  which  all  mechanisms  of  nonsusceptibility  to  microbes 
participate,  lately  is  shared  by  the  overwhelming  majority  of  investigators; 
in  our  opinion,  this  concept  does  not  require  any  references  from  the  literature, 
the  more  so  since  the  experiments  with  irradiated  animals  once  more  confirm  this 
statement. 

In  the  second  series  of  experiments  we  worked  at  clarification  of  the 
problem  of  the  effect  of  radiation  on  the  formed  passive  immunity.  The  experi¬ 
ments  were  carried  out  on  guinea  pigs,  immunized  with  antitoxic  purified  and 
concentrated  serum  of  diaenzyme  -2  and  diaenzyme  -  3  at  doses  from  800  to  $000  A.E. 
After  3— It  hours,  part  of  the  animals  were  exposed  to  A-rays  on  the  RUM-1  apparatus 
at  doses  of  500,  300,  195  and  125.  Thereafter  at  different  times  of  the  radiation 

process  the  animals  were  infected  subcutaneously  with  living  virulent  culture 
(stock  No  lUi.  gravis  type).  Weight,  leucocyte  count,  body  temperature,  state 
of  the  local  inflammatory  reaction,  and  general  behavior  cf  animals  were  ob¬ 
served;  the  development  of  diphtheria  paralysis  was  taken  into  account.  The 
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morphological  picture  was  described  in  dead  animals,  arid  cultures  from 
:lcod  of  heart,  liver,  spleen,  kidneys  and  lungs  were  made.  Film  preparations 
i.'.d  smears — imprints  of  the  subcutaneous  cellular  tissue  from  the  infection  site— 
j-jvo  prepared.  Altogether  218  guinea  pigs  (including  the  controls)  were  used. 

:r.  13  of  them  the  phagocytic  reaction  and  the  seeding  of  internal  organs  during 
:r.o  intraperitoneal  infection  were  studied. 

One  nay  see  from  Table  11  that  the  survival  rate  depends  on  all 
’.r.rt-o  effects  (immune,  radiation  and  infecting).  At  lethal  radiation  doses 
regardless  of  the  dose  of  infection  there  are  almost  no  survivors,  despite 
•  r.o  fact  that  the  doses  of  serum  are  completely  effective  for  nonirradiated 
pigs.  Thus,  in  this  case  the  loss  of  the  animals  is  due  to  the  radi¬ 
ation  effect. 


Table  11 


cct  of  radiation  on  the  survival  of  passively  immunized  guinea  pigs  after 
their  infection  with  diphtheria  culture. 
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But  if  a  sublethal  radiation  dose  and  infection  with  2  Dim  are  used, 
ihon  the  depression  of  passive  immunity  depends  on  the  phase  of  the  immune  and 
radiation  processes. 

During  the  first  three  days  after  the  injection  of  serum  the  immunity 
of  nonirradiated  animals  is  rather  intense. 

The  number  of  nonsurvivors  among  the  irradiated  guinea  pigs  was  highest 
in  the  groups  in  which  injection  of  the  culture  was  carried  out  on  the  third  day 
following  irradiation,  as  compared, with  infection  done  simultaneously  with 
irradiation;  i.e.  in  the  present  case  we  see  an  example  of  the  fact  that  against 
the  background  of  an  intense  immunity  the  death  rate  depends  on  the  phase  of 
radiation  sickness.  Well,  in  fact,  in  a  simultaneous  infection  the  first 
<<  meeting »  of  the  organism  with  a  microbe  occurs  against  the  background  of  a 
nondepressed  reactivity,  and  the  <<  breakdown  ??  of  immune  mechanisms  begins 
only  in  the  process  of  the  development  of  infection.  But  if  the  infection  is 
carried  out  on  the  third  day  of  radiation  sickness,  the  microbe  meets  an  altered 
organism  from  the  very  beginning. 

Infection  on  the  7th  day  of  radiation  sickness  was  endured  by  ex¬ 
perimental  animals  relatively  easily,  at  any  rate  better,  than  by  the  guinea 
pigs  of  the  preceding  experimental  groups,  although  in  nonirradiated  animals 
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at  this  period  the  scrum  is  already  less  effective.  Evidently,  this  may  be 
explained  by  the  fact  that  on  the  7th  day  at  a  dose  of  125  r  the  phase  of 
repair  of  radiation  sickness  begins.  The  activation  of  compensating  mechanisms 
of  the  organism  made  the  fight  against  the  microbes  more  effective,  although 
the  comparison  with  the  corresponding  control,  nonirradiated,  group  indicates, 
that  a  full  effect  of  serum  wa3  not  reached  in  irradiated  animals. 

Infection  on  the  12th  day  induces  the  highest  death  rate,  but  here 
is  another  cause  of  deatn.  In  this  case  the  mortality  depends  on'  the  phase 
of  the  immune  process.  The  results  obtained  in  the  control  group  indicate  a 
sharp  decrease  in  the  stage  of  passive  immunity  at  this  time. 

Th8  results  of  studies  of  the  clinical  features  of  the  pathological 
process,  and  especially  analysis  of  the  cause  of  death  of  the  experimental 
animals,  indicate,  that  it  is  not  always  correct  to  speak  of  a  decrease  in 
passive  immunity.  The  irradiated  animals  develop  such  a  complicated  symptom 
complex  that  often  it  is  hard  to  decide  whether  development  of  infection  due 
to  the  depression  of  the  defensive  effect  of  serum  took  place,  or  the  immunity 
was  high,  infection  was  absent,  and  therefore,  radiation  sickness  was  the  only 
cause  of  death.  In  Table  12  analysis  of  the  character  of  this  process  is 
attempted  in  dead  animals.  This  table  shows  that  only  22^  of  irradiated 
animals  die  of  the  typical  diphtheria  infection  accompanied  by  sepsis,  whereas 
this  is  usually  observed  in  the  group  in  which  the  passive  immunity  was  very 
weak  and  in  the  control  group.  More  frequently  (h%)  the  combination  of 
diphtheria  infection  with  radiation  sickness  takes  place.  In  part  of  the 
guinea  pigs  (2($)  no  symptoms  of  infection  could  be  seen.  If  exposed  to  500  r, 
then  the  animals  die  only  of  radiation  sickness,  because  the  infection  does 
not  develop  in  them. 

Table  12  (See  following  page). 

The  absence  of  the  infection  process  in  these  animals  may  b- 
explained  in  two  ways:  either  passive  immunity  is  maintained  and  is  effective, 
or  even  at  its  depression,  infection  does  not  develop  in  consequence  of  the 
unresponsiveness  of  the  organism  exposed  to  a  lethal  dose.  But  after  exposure 
to  125  r,  radiation  sickness  is  provoked  by  the  infection,  because  this  radi¬ 
ation  dose  is  not  lethal  for  normal  an: aals. 

And,  finally,  death  could  result  from  endogenous  sepsis  explained 
b\  autoirueotion,  which  develops  at  late  times  in  ani-alc  weakened  by  the 
preceding  pathologic  t.vocesses. 

To  clarify  the  mechanism  of  the  decrease  in  the  effect  of  serum 
prophylaxis  of  diphtheria,  experiments  were  carried  out  in  order  to  study 
the  course  of  the  phagocytic  reaction  in  vivo  and  the  seeding  of  the  organs 
after  subcutaneous  infection.  The  technique  erf  the  arrangement  of  the  ex¬ 
periment  was  similar  to  that  of  studies  of  the  survival  after  the  exposure 
to  125  r. 


Within  3  days,  the  irradiated  animals  develop  on  the  infection  site 
vast  infiltrates  with  a  central  necrosis.  Necrosis  failed  to  develop  in  non¬ 
irradiated  guinea  pigs,  and  the  slight  infiltrates  are  resolved  completely  by 
the  7th  day  after  infection. 

It  is  seen  from  Table  13  (in  which  average  data  are  presonted)  and 
the  microphotographs  of  film  preparations  (Fig.  12  A  and  3),  chat  the  phago¬ 
cytic  reaction  of  irradiated  animals  proved  to  oe  very  depressed;  this  led  to 
a  more  massive  accumulation  of  diphtheria  bacteria  in  the  infection  site. 
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Table  1 2 

80S  of  »"  alekness.  Infection  and  aUle  of  paealve  liMunlt^. 
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Fig.  12A.  Film  preparation  of  subcutaneous  cellular  tiaeue  from  the  in¬ 
fection  aite  of  a  passively  immunized  irradiated  guinea  pig  21  hours  after 
infection. 


Fig.  12B.  Film  preparation  of  subcutaneous  cellular  tissue  from  the  in¬ 
fection  site  of  passively  immunized  nonirradiated  guinea  pig  within  21  hours 
after  infection. 
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Table  13 


■  of  the  inflammatory  reaction  in  passively  immunized  guinea  pigs  after 
.  -utanoous  infection  with  2  Dim  within  3-7  days  following  exposure  to  a  dose 
_ of  12$  r. 
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12 

26 

2 

15 

53 
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:;j:-bor  of  free  nonphago- 
c/tized  bacteria  in  10 
visual  fields. 

130 

90 

t 

1 

50 

1 

10 

70 

lo 

average  data  of  10  animals . 


Examination  of  the  results  of  the  analysis  of  organs  for  the  presence 
of  diphtheria  bacteria  showed  some  tendency  to  seeding  of  these  with  bacteria 
in  irradiated  animals  (Table  In) ,  however,  the  extent  of  bacteriemia  in  both 
groups  was  identical. 


Table  Hi 

Distribution  of  diphtheria  bacteria  in  the  organs  of  passively  immunized  guinea 


pigs  after  exposure  to  12?  r. 


Total  number 

Number  of 

positive  results 

Animal  group 

of  culture 
from  each 
organ 

blood 

from 

heart 

liver 

i _ 

spleen 

'kidney' 

Irradiated 

9 

2 

6 

h 

2 

Nonirradiated 

9 

2 

5 

2 

5 

One  can  find  bacteria  in  th9  kidneys  of  nonirradiatod  animals  more 
frequently,  which  might  indicate  their  excretion  from  the  organism  in  urine. 

In  irradiated  guinea  pigs  the  bacteria  more  frequently  are  retained  in  liver 
and  spleen.  But  these  conclusions  can  be  only  hypothetical,  because  there  are 
only  a  few  observation  data. 

Wo  examined  the  effect  of  infection  on  the  end  result  of  radiation 
sickness,  but,  perhaps,  the  preliminary  injection  of  serum  also  affects  it. 

To  solve  this  problem,  special  experiments  were  set  up.  After  exposure  to  a 
cose  of  195-300  r,  9  noninf opted  guinea  pigs  died  and  only  one  survived. 

After  a  preliminary  injection  of  800-1000  AE  of  antidiphtheria  serum  identical 
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doses  killed  only  four  out  of  eight  animals.  Graham  J.  and  R.  (231),  and 
also  Stroud,  Bruos  and  Summers  (309)  have  reported  on  the  favorablo  effect 
of  preliminarily  injected  serums  and  plasmas  on  the  course  of  radiation  sick¬ 
ness  of  different  animals. 

In  summarizing  the  results  of  the  experiments  of  the  second  series  ' 
it  should  be  noted,  that  even  in  cases  in  vihich  animals  with  a  firm,  formed 
passive  immunity  are  irradiated  after  infection,  a  severe  pathologic  proce33 
can  develop,  frequently  with  a  lethal  end  result. 

Several  papers  on  studies  of  the  effect  of  radiation  on  passive 
immunity,  chiefly  after  the  inunction  of  the  serum  at  a  time  which  was  very 
close  to  the  radiation  time,  were  published  last  year. 

Only  P.  N.,  Kiselev  and  E.  V.  Karpova  (73)  have  studied  the  effect 
of  antitoxic  serums  at  different  periods  of  radiation  sickness.  Bit  the 
faults  of  many  papers  were  characteristic  of  their  investigations— the  efficiency 
of  the  immunity  was  not  checked  after  infection  with  the  culture,  but  by 
poisoning  with  the  toxin.  The  authors  showed  on  a  huge  number  of  animals 
(2000  mice),  that  neutralization  of  the  effect  of  the  specific  texin  requires 
2-3']>  times  more  antitetanus  or  antigangrene  serum  if  it  is  injected  2h  hours 
before  the  poisoning  with  toxin,  and  within  2h  hours,  6,  1U  or  17  day3  after 
irradiation  with  Ii38-f>00  r.  By  the  30th-l*0th  day  of  radiation  injury  the 
efficiency  of  passive  immunization  is  restored,  which  agrees  completely  with 
the  data  of  these  authors  on  the  normalization  at  this  time  of  the  reaction 
of  the  organism  to  toxin  (7U). 

Thus,  P.  N.  Kiselev  and  E.  V.  Karpova  revealed  some  degree  of  de¬ 
crease  in  the  efficiency  of  serum  prophylaxis  oven  on  the  first  day  of  radi¬ 
ation  injury.  G.  N»  Xryzhanovskii  and  N.  N.  Lebedeva  (92)  using  a  model  of 
local  tetanus  intoxication  (only  intoxication,  not  infection!)  failed  to  note 
changes  in  the  effect  of  serum  prophylaxis  within  the  first  day  following 
exposure  of  rats  to  a  dose  of  U00  r.  However  their  experimental  conditions  were 
quite  different— the  radiation  dose  was  lower  (rats  are  more  radioresistant, 
than  mice) /-and  the  toxins  and  serums  were  injected  directly  after  irradiation. 
The  therapeutic  effect  of  serum  under  these  experimental  conditions  did  not 
change. 

The  experiment;;  of  R„  V,  Petrov  (12ii)  performed  with  the  goal  of 
studying  the  effect  of  radiation  on  antitetanus  and  antigangrene  serum  therapy 
have  to  be  recognized  as  more  methodically  correct. 

In  his  investigations  R.  V.  Petrov  did  not  use  poisoning  with  toxin, 
but  infection  with  corresponding  microbes.  The  state  of  immunity  was  studied 
by  means  of  infection  only  within  the  first  day  following  irradiation. 

Antitetanus  immunity  was  studied  on  200  mice.  Irradiation  was 
carried  out  with  a  dose  of  3o7  r  of  ^  -rays  from  a  cobalt  source  with  a 
power  of  23h  C.  The  infection  was  done  with  0.1  ml.  of  daily  culture 
(dilution  1:50),  mixed  in  an  equal  amount  with  1C$  of  calcium  chloride, 

10  hours  after  irradiation.  Immediately  after  infection  part  of  animals 
received  antitetanus  serum  of  diaonzyme— 3  at  doses  of  125  and  375  AE. 

The  radiation  dose  was  sublethal  (all  50  mice  survived),  all  control  (for 
infection)  animals  died  on  the  6th  day  (Fig.  13). 

• 

The  injection  of  125  AE  of  serum  in  nonirradiated  mice  prevented 
death  in  32%  of  the  animals,  but  if  the  mice  were  exposed  preliminarily  to 
367  r,  then  26?  survived,  and  their  mean  life  span  became  shorter  by  2-3 
days.  A  question  arises,  whether  the  depression  of  passi\  '  immunity  can  be 
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Rig.  13*  Effect  of  radiation  on  the  efficiency  of  serum  prophylaxis  of 
tetanus  infection  in  mice. 

1-infection  control;  2-control  of  the  protective  effect  of  a  dose  of  serum; 
3-irradiation  and  infection  by  using  one  dose  of  serum;  U -irradiation  and 
infection  by  using  three  doses  of  serum. 


comonsated.  All  investigations  of  the  preceding  authors  showed  convincingly 
that  oven  at  a  significant  depression  of  the  passive  immunity  in  the  organism 
compensating  possibilities  are  preserved.  This  conclusion  may  be  made  if  only 
on  the  basis  that  part  of  the  animals  always  maintain  immunity,  but  the  study  of 
phagocytic  and  local  reaction  in  passively  immunized  animals  also  displays  a 
nonidontical  degree  of  depression  in  various  individuals.  If  the  natural 
compensating  possibilities  are  maintajned  in  an  irradiated  organism,  then 
or.o  ray  expect  more  effect  from  the  use  of  special  methods  which  increase  the 
specific  resistance.  An  increased  serum  dose  could  be  one  of  those  methods. 

Adler  and  Shechmeister  (182)  have  proven  that  this  is  an  effective  method  in 
the  case  of  poisoning  with  toxin.  We  also  succeeded  in  showing  its  value 
after  infection  with  the  culture  (Fig.  13).  Thus,  the  irradiated  mice,  that 
received  a  triple  dose  of  serum  (375  AS)  survived  in  of  cases,  l.e,  the 
percentage  was  even  higher  than  that  of  nonarradiated  mice  that  received  one 
dose  of  serum. 

These  experiments  allow  one  to  conclude,  that  if  the  animals  are 
infected  with  a  culture  of  tetanus  viruses,  then  the  therapeutic  effect  of 
the  serum  decreases  with  the  first  days  following  irradiation. 

The  depression  of  efficiency  of  serum  in  poisoning  with  tetanus 
toxin  within  the  first  days  of  radiation  injury  was  noted  also  by  p,  N. 

Kiselev  and  E»  V.  Karpova  (75),  that  in  poisoning  with  dipfttteria  toxin 
by  D.  R.  Kaulen  (7U),  in  the  infection  with  dipH^ria  bacteria  by  0.  G. 

Alekseyeva  (5).  Why  is  serum  ineffective  in  these  cases,  although  infection 
occurred  at  the  period  at  which  the  mechanisms  of  natural  immunity  had  not  yet 
broken  down?  Evidently,  the  fact  is  that  a  prolonged  time  covering  also  the 
beginning  of  the  period  of  development  of  radiation  sickness,  i.e.  the  period, 
at  which  the  mechanisms  of  immunity  are  subjected  to  significant  damages, 
is  necessary  for  stopping  the  infections  indicated. 

According  to  such  a  viewpoint  one  would  expect  that  in  case  of  the 
development  of  infection  which  is  stopped  by  the  injection  of  therapeutic  serum 
during  2-3  days,  there  will  be  no  decrease  in  the  efficiency  of  its  action 
under  the  given  experimental  conditions.  This  fact,  evidently,  explains  the 
rosults  obtained  by  Naiman  (271)  with  trypanosomosis. 
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Our  own  data  (R.  V.  Petrov,  (12li))  confirm  this  conclusion,  Tno 
efficiency  of  therapeutic  use  of  160  AE  of  antigangrene  serum  (diaenzyme-3) 
was  studied  on  55  guinea  pigs  by  infecting  the  animals  intraperitoneously  with 
0.6  ml.  of  daily  culture  of  3.  pcrfringens  mixed  with  10£  of  calcium  chloride 
within  10  hou/s  following  exposure  to  3 6?  r.  One  may  see  in  Fig.  Hi  that  by 
the  lith  day,  ?00^  of  the  control  (on  infection)  animals  were  dead;  they  dis¬ 
played  typicax  phenomena  of  gas  gangrene.  If  the  infected  animals  received 
a  specific  scrum,  then  over  th>  period  from  the  8th  through  the  liith  day, 
20-30#  died  of  the  second  pus -producing  infection.  But  if  the  guinea  pigs 
were  irradiated  preliminarily,  then,  over  the  period  mentioned  above,  90%  of 
the  animals  died  having  typical  symptoms  of  radiation  sickness.  One  fails 
to  note  any  of  the  clinical  syndrome  of  gas  gangrene  in  them.  Consequent  y, 
the  serum  is  effective,  but  since  the  radiation  do6e  is  lethal,  the  anii-als 
surviving  the  infection  die  of  radiation  injury  (at  identical  times  and  in 
identical  percentage  to  those  of  the  control  animals  after  irradiation  oily). 


Fig.  1U.  Effect  of  radiation  on  the  efficiency  of  serum  prophylaxis  of  gas 
gangrene  in  guinea  pigs. 

1-control  of  infection;  2-control  of  the  effect  of  serum;  3-control  of  ir¬ 
radiation;  it-irradiation  and  infection  with  the  injection  of  serum. 


On  completion  of  the  data  with  respect  to  studies  on  the  effect 
of  radiation  on  passive  immunity  one  more  experiment  has  to  be  mentioned. 

B.  N.  Sofronov  (153)  on  a  model  of  focal  pertussis  infection  hc.s 
studied  the  effect  of  exposure  to  U00  r  on  the  efficiency  of  serum  therapy 
and  serum  prophylaxis.  The  author  succeeded  in  detecting  the  fact  that  in¬ 
creased  numbers  of  bacteria  can  be  found  in  lungs  of  irradiated  animals  more 
frequently  in  comparison  with  the  serum  controls.  However,  the  efficiency 
of  serums  in  these  animals  decreased  slightly,  and  the  number  of  microbes  in 
the  lungs  always  was  much  lower  than  that  in  normal  mice  that  did  not  receive 
serum.  An  insignificant  depression  of  the  efficiency  of  immunisation  after 
irradiation  is  entirely  understandable,  because  the  serum  was  injected  either 
four  hours  before  irradiation,  or  within  twenty  days  after  it  (the  phase  of 
reparations) . 

Thus,  in  summarizing  all  investigations  presented  it  should  be 
noted  that  in  using  serum  prophylaxis  or  serum  therapy  of  the  infections 
of  irradiated  animals,  or  in  the  case  of  a  supposed  irradiation,  one  might 
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.•xpect  a  decrease  in  the  efficiency  of  these  measures.  However  an  increased 
co-rum  dose  is  still  capable  of  compensating  the  harmful  affect  of  radiation 
injury.  Besides  this  ,  compensation  of  the  decreased  effect  of  scrum  therapy 
o:.d  serum  prophylaxis  can  be  achieved  by  using  other  therapeutic  means,  for 
instance,  antibiotics  (see  experiment  of  R.  V.  Fetrov  in  Chapter  $). 

fthat  determines  the  depression  of  the  effect  after  the  injection 
of  antitoxic  and  antimir.robic  serums  in  irradiated  animals?  Jt  follows  from 
analysis  of  our  own  and  the  literature  data,  that  this  depends  on  the 
char. go  in  reactivity  of  the  organism,  on  depression  of  natural  immunity  and 
on  increase  in  the  number  of  microbes  in  an  irradiated  organism.  The  time 
of  circulation  in  blood  and  the  rate  of  excretion  of  the  antibodies  evidently 
co  not  change  (.19$  and  21*2). 

On  closing  it  should  be  said,  that  the  stats  of  passive  immunity 
in  radiation  sickness  is  a  rather  poorly  studied  chapter  of  ine  immunology 
of  an  irradiated  organism  and  it  requires  further  detailed  investigation. 
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Chapter  U 
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P3caliaritios  in  Allergic  Reactivity  of  Irradiated.  Organisms. 

Determination  of  the  peculiarities  of  the  allergic  reactivity  of  an 
irradiated  organism,  the  least  studied  section  of  radiobiology,  requires  fur¬ 
ther  investigations,  analysis  of  the  data  obtained  and  theoretical  generalizations. 

The  existing  data  concerning  this  question  represent  only  the  be¬ 
ginning  of  work  in  this  region,  which,  in  our  opinion,  is  one  of  the  most  im¬ 
portant  in  relation  to  the  understanding  of  the  nature  of  radiation  injuries. 

The  difficulties  in  the  investigation  of  the  peculiarities  of  the 
al. jrgic  reactivity  of  an  irradiated  organism  lie  not  so  much  in  the  region  of 
accumulation  of  factual  material,  but  in  understanding  of  the  nature  of  these 
processes  and  explanation  of  their  role  in  radiation  sickness. 

The  great  importance  of  allergic  phenomena  is  confirmed  by  the  data 
on  the  clinical  study  of  radiation  injuries. 

Thus,  for  instance,  from  a  detailed  description  of  the  clinical 
syndrome  of  sickness  induced  by  ionizing  radiation  it  is  apparent,  that  many 
of  the  symptoms  are  veiy  similar  to  the  phenomena  characteristic  of  allergic 
states:  decreased  body  temperature  or  fever,  a  decreased  complement  titer, 
leucopenia,  delayed  coagulability  of  blood,  appearance  of  hemorrhages  on  skin 
and  in  internal  organs,  disturbances  in  the  function  of  the  gastrointestinal 
tract,  the  presence  of  a  latent  period  and  so  on. 

In  addition  to  this,  it  is  well  known  that  many  therapeutic  means 
effective  in  the  cure  of  radiation  sickness  are  referable  to  desensitization 
therapy. 


All  these  data  forced  mary  *.ut%ors  to  assume  a  probable  role  of 
allergic  phenomena  in  the  pathogenesis  of  radiation  sickness.  However,  there 
was  no  uniform  cpinion  on  the  question  of  the  nature  of  the  sensitizing  agent 
causing  this  state.  Some  assumed  the  possibility  of  sensitization  of  the  or¬ 
ganism  with  the  bacteria  of  autoflora,  which  accumulate  greatly  in  an  irrad¬ 
iated  organism  (32),  others  suggested  sensitization  by  the  proteins  of  foodstuffs 
absorbed  in  unchanged  form  due  to  an  increased  permeability  of  the  intestines 
(67),  a  third  group  pointed  out  the  possibility  of  autosensitization  by  the 
disintegration  products  of  tissues  (Cronkite,  207).  In  fact,  Cronkite  considers 
tho  latter  process  scarcely  probable,  since  it  is  known  that  allergy  is  con¬ 
nected  with  the  formation  of  antibodies,  but  in  an  irradiated  organism  this 
process  is  damaged  to  a  large  extent.  However,  all  these  assumptions  were 
expressed  on  the  basis  of  theoretical  discussions  and  were  not  supported  by 
experimental  data.  Thus,  there  was  a  necessity  for  experimental  solution  cf 
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-..r.r  :uo5tions  connected  with  allergy  in  irradiated  organisms.  Since  't  is 
.../io is  that  allergic  phenomena  take  place  in  the  development  of  rad.at.on 
•.ic/r.ess,  then  one  may  assume,  that  the  investigation  of  allergy  probxev  i  in 
•.■.is  sickness  is  valuable  for  understanding  of  its  pathogenesis  and  etiology. 
I.-./estigation  of  the  problems  of  pathogenesis  of  radiation  sickness  i3  the 
-.j.'.tral  problem  of  radiobiology,  because  understanding  of  nature  of  the  pro- 
■  ,r:z<js  determining  the  development  of  the  sickness  will  permit  one  to  justify 
use  of  the  corresponding  therapeutic  and  prophylactic  measures,  and  it  will 
one  to  work  out  diagnostic  methods  for  recognition  of  the  sickness  even 
the  absence  of  expressed  clinical  symptoms. 

Besides  its  great  theoretical  value,  the  study  of  the  allergic 
r..-.:tivjty  also  has  clinical  importance.  The  problems  of  complications  af- 
the  injection  of  serums  (serum  sickness  and  anaphylactic  shock),  the 
"ossibility  of  diagnosis  of  infectious  diseases  from  cutaneous  and  eye 
allergy  tests,  the  peculiar J.ties  of  the  development  of  idiosyncrasies  to 
food  and  therapeutic  substances  and  the  like,  are  connected  with  allergies. 

Alr.ost  none  of  these  phenomena  are  studied  under  the  effects  of  ionizing 
radiations,  and  closing  of  this  gap  is  an  urgent  problem  of  our  scientists. 

An  irradiated  organism  continuously  interacts  with  various  heterologous 
;.?:.sitizing  agents,  as  for  instance  with  foodstuffs  and  microorganisms  of  the 
sutoflora  and  environment.  It  was  natural  to  assume  that  an  increased  ab¬ 
sorption  of  such  allergens  in  the  presence  of  an  increased  permeability  of  the 
intestines  of  an  animal  with  radiation  sickness  (6?)  can  play  a  role  in  the 
covolopment  of  allergic  symptoms  in  this  sickness.  However,  many  facts 
contradict  these  assumptions  and  make  it  doubtful  that  food  and  bacterial 
allorgons  participate  as  compulsory  pathogenic  agents  in  the  development  of 
radiation  sickness,  but  at  the  same  time  they  do  not  deny  their  possible 
aggravating  additional  effect  on  the  course  of  the  basic  pathology. 

It  is  well  known  that  the  accumulation  of  large  masses  of  bacteria 
in  the  cavities  and  tissues  of  an  irradiated  organism  does  not  occur  or.  the 
first  days,  but  chiefly  at  the  end  of  the  first  week  (at  a  total-body  ex¬ 
posure  to  lethal  doses).  Consequently,  the  development  of  primary  changes — 
the  reaction  of  the  organism  curing  the  latent  period  and  at  the  beginning  of 
the  sickness — cannot  be  attributed  to  bacteria,  whose  accumulation  and  dis¬ 
tribution  in  the  organism,  evidently,  is  not  the  cause,  but  a  consequence 
(and  complication)  of  radiation  sickness.  It  has  been  found,  that  development 
of  typical  radiation  sickness  and  death  of  an  organism  may  occur  with  noither 
bacteriemia  nor  accumulation  of  bacteria  under  the  effect  of  high  radiation 
doses  (27li).  And  finally,  the  unsuccessful  efforts  at  immunization  against  the 
bacteria  of  autoflora  (301),  the  experiments  of  V.  F,  Sosova  (150),  who  re- 
voaled  a  decrease  in  the  reaction  (not  an  increase,  as  in  the  case  of  sensiti¬ 
sation)  of  irradiated  rabbits  to  the  injection  of  a  suspension  of  killed 
coliform  bacteria  under  the  skin,  and  also  the  impossibility  of  passive  trans¬ 
fer  of  characteristic  peculiarities  of  the  reactivity  of  an  irradiated  organism 
allow  one  to  conclude,  that  bacteria  are  not  the  allergens  which  determine  the 
characteristic  allergic  manifestations  of  radiation  sickness. 

Only  one  paper  (P.  N.  Kiselev)  reports  on  foodstuffs.  Guinea  nigs 
received  an  oral  administration  of  horse  serum  after  exposure  to  1-2HED1'  of 
X-rays.  The  checking  of  the  development  of  sensitization  was  carried  out  in 
in  vitro  tests  with  slices  of  intestines  and  uterus  by  addition  of  the  same 
scrum.  The  author  obtained  contraction  of  slices  of  these  organs  in  response 

lT  H£D  is  the  cutaneous  erythemal  dose,  a  unit,  which  was  used  in  previous  papers; 
it  is  equal  to  500-600  r. 
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to  the  addition  of  horse  serum  and  ho  evaluated  it  :;.s  an  indicator  of  sensiti¬ 
zation.  However,  he  failed  to  carry  out  the  controls  which  were  so  important 
in  these  interesting  experiments.  Lack  of  controls  made  the  conclusions  un¬ 
reliable.  It  was  necessary  to  prove  the  specif ity  of  sensitization  by  adding 
other  heterogeneous  and  homologous  protein  extracts. 


Fig.  15.  Reaction  of  isolated  intestine  of  irradiated  (a)  and  nonlrradiated 
(B)  guinea  pigs  to  horse  serum  (arrows  show  the  time  of  injection  of  serum). 

The  experiments  of  our  co-worker  G.  M.  L'vitsina  indicated  that  the  reaction 
described  did  not  reflect  sensitization  to  horse  protein,  because  it  was 
found  that  the  organs  of  irradiated  animals  in  in  vitro  tests  always  react  to 
by  contraction  to  heterogeneous  as  well  as  homologous  proteins.  Obviously, 
the  state  of  increased  sensitivity  to  disintegration  products  of  autotissues 
which  develops  in  an  irradiated  organism  is  accompanied  by  a  nonspecific  re¬ 
action  to  heterogeneous  proteins. 

Examples  of  reaction  of  the  intestines  of  irradiated  (the  7th  day 
following  an  exposure  to  $00  r  of  X  rays)  and  healthy  guinea  pigs  to  the 
addition  of  an  extract  from  intestines  or  liver  of  the  same  pig,  followed  by 
the  extract  of  the  intestines  of  a  healthy  pig  or  horse  serum  to  the  liquid 
which  washes  the  preparation,  are  shown  in  Figures  1$,  16  and  17. 

In  contrast  to  the  intestines  of  a  nonirradiated  guinea  pig  the 
tissues  of  an  irradiated  animal  display  a  hyperergic  reaction  to  heterogeneous 
and  their  own  protein  products. 

It  is  known  that  the  character  of  the  food  exerts  great  influence 
on  the  course  of  radiation  sickness  and  on  the  development  of  allergic  pro¬ 
cesses  (65).  However,  it  is  not  an  etiologic  factor,  because  radiation  sick¬ 
ness  is  reproduced  independent  of  the  character  of  the  foodstuffs  introduced 
in  the  organism,  and  it  may  develop  even  under  conditions  of  complete  star¬ 
vation.  As  was  found  by  Allen  (183),  starving  even  increases  the  radio¬ 
sensitivity  of  animals  to  local  and  total-body  irradiation. 

All  these  data  do  not  permit  assumptions  of  absorption  of  hetero¬ 
geneous  food  proteins  and  microorganisms  as  causes  for  development  of  allergic 
phenomena  in  radiation  sickness. 

Vhat  is  the  nature  of  the  allergens  that  determine  the  allergic 
reactions  in  radiation  sickness?  In  addition  to  the  similarity  between 
symptoms  of  the  allergic  states  and  radiation  sickness  listed  by  us,  serious 
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its  own  liver  (B)  (the  time  of  infection  is  denoted  by  arrows). 


Fig.  17.  Reaction  of  the  isolated  intestine  of  an  irradiated  guinea  pig  to 
the  extract  of  its  own  liver  (the  time  of,  injection  is  denoted  by  an  arrow) . 


attention  must  be  paid  to  a  phenomenon,  study  of  whose  nature  could  assist 
tho  investigation  of  the  nature  of  the  allergens  that  play  an  important  role 
in  the  effect  of  ionizing  radiation. 

A  peculiar  change  in  the  character  of  the  inflammatory  focus  (attained 
by  intracutaneous  injection  of  a  suspension  of  living  culture  of  coliform 
bacteria)  in  rabbits  exposed  to  X-irradiation  at  a  dose  of  1100  r  has  been 
described  by  V.  F.  Sosova.  Instead  of  the  slight  hyperemic  infiltrate 
characteristic  of  the  control  animals,  the  formation  of  vast  infiltrate  with 
r.Gcrosis  and  a  compact  hemorrhagic  site  reminiscent  of  the  manifestation  of  the 
Schwartzman  phenomenon  has  been  observed.  This  means  that  a  hyperergic  re¬ 
action  develops.  The  injection  of  killed  bacteria  fails  to  display  such  a 
picture;  it  indue  js  a  response  even  smaller  than  that  of  the  control  group. 

If  this  hyperergic  reaction  were  the  result  of  a  developing  increased  sensiti¬ 
vity  to  the  autofloral  bacteria,  then  this  allergy  would  be  displayed  also  ; 

after  the  injection  of  killed  microbes  and  their  disintegration  products.  i 

Thus,  in  this  case  it  was  not  the  presence  of  the  microbe  that  was 
important,  tut  the  fact  of  its  action  on  the  tissues  of  an  organism,  which  ! 

results  in  death  and  destruction  tho  cellular  elements.  The  formation  of  I 

decomposition  products  of  tissues  in  the  inflammatory  focus  could  be  the  ! 

j 

i 

j 
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*•<  decisive ■>>  factor,  and  in  tha  presence  of  ar.  increased  sensitivity  to 
tissue  products  it  could  explain  the  development  of  lotal  hemorrhagic  re~ 
action. 

i 

It  is  of  interest  that  such  a  reaction  develops  only  after  Infection  , 
at  a  certain  period  (not  soonf-r  than  within  3  days)  of  radiation  sickness,  which 
might  be  explained  by  the  necessity  of  a  definite  period  of  time  for  the  de¬ 
velopment  of  autosonsit ication.  It  is  well  known,  that  antibodies  to  denatured 
protein  in  irradiated  animals  first  appear  at  this  time  (72  and  J.10).  ' 

The  necrotic-hemorrhagic  reaction  to  the  injection  of  autofloral 
bacteria,  described  by  V.  F.  Sosova.  is  connected  with  a  definite  segment  of 
the  body  (side  surfaces  of  the  body)  and  it  fails  to  show  in  ear  tests. 

Similar  zonal  manif estations  of  allergic  reactions  of  the  skin  that  covers  the 
injured  organ,  are  described  by  E.  B.  Halfen  (168)  in  brucellosis. 

In  her  search  for  allergens  suitable  for  the  manifestation  and 
maintenance  of  a  state  of  homoallergy  N.  N.  Xlemparskaya  has  carried  out 
experiments  on  rabbits  by  injecting  the  suspensions  of  homologous  tissues 
in  nonirradiated  and  irradiated  animals.  These  experiments  showed  that 
the  state  of  increased  sensitivity  and  hyperergic  local  reaction  with 
necrosis  and  hemorrhagia  can  be  initated  by  repeated  injection  of  these 
substances  in  healthy  animals.  In  additj.cn  to  this  it  developed  that 
homosensitization  changes  the  sensitivity  of  animals  to  ionizing  radiation. 

Thus,  for  instance,  a  single  cutaneous  injection  of  a  suspension 
of  mucosal  tissue  of  the  small  intestine  or  liver  of  a  rabbit  fails  to  cause 
any  local  changes,  except  for  a  mild  hyperemia  and  slight  diffuse  edema, 
which  disappear  within  2h  hours.  After  repeated  injections  of  homologous 
tissue,  if  injected  in  sites  unusual  for  its  presence,  as  for  instance,  into 
skin,  the  appearance  of  necrosis  and  hemorrhages  on  the  site  of  injection, 
decrease  in  weight  of  the  animal  and  disturbances  in  the  functions  of  in¬ 
testines  are  observed. 

The  injection  of  suspensions  of  homologous  tissue  into  irradiated 
animals  caused  accelerated  mortality;  death  occurs  within  12-18  hours  after 
the  injection  of  tissues  on  the  2nd-3rd  day  following  exposure  to  X-rays  at 
a  dose  of  1100  r;  usually  this  radiation  dose  causes  death  on  the  6th-8th 
day.  It  should  be  noted  that  the  amount  of  tissue  products  and  their  ab¬ 
sorption  rate,  evidently,  are  of  importance.  Thus,  for  instance,  the  injection 
of  living  bacteria  into  the  skin  of  irradiated  rabbits  initiates  a  slow, 
gradual  appearance  of  a  small  quantity  of  tissue  decomposition  products, 
sufficient  for  the  development  of  local  hemorrhagic  reaction,  but  it  does  not 
cause  (as  it  has  been  observed  after  injections  of  tissue  suspensions)  more 
rapid  death  of  the  irradjiated  rabbits.  Those  data  reveal  the  importance  of 
thorough  studies  of  the  value  of  auto-  and  homos ensit jlzation  ir.  the  patho¬ 
genesis  of  radiation  sickness. 

Autosansitization,  as  is  known,  is  understood  to  involve  the 
sensitizing  effect  of  tissue  proteins  of  the  same  organism.  The  possibility 
of  such  an  effect  became  obvious  only  because  of  the  experiments  and  teachings 
of  I.  I.  Mechnikov  (106),  which  showed,  that  under  definite  conditions  the 
substances  of  the  organism  itself  can  be  antigens  and  cause  the  appearance  of 
antibodies,  cytotoxins,  which  exert  a  destructive  effect  on  tissue  and 
function  of  an  organ,  and  from  which  immunizing  substances  wsre  obtained. 
Isospermotoxins  and  autonephrotoxins  were  described  by  him.  Simultaneously 
the  cytotoxins,  obtained  by  means  of  heteroimmunization,  i.e.  immunization 
by  the  tissues  of  animals  of  different  species,  leucocytotoxins,  cytotoxins  to 
cerebral  tissue,  spermocytotoxins  and  others  were  studied  by  I.  I.  Mechnikov 
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detail.  It  ha3  beon  found  that  those  antibodies  specific  to  a  certain 
tissue  possess  a  capacity  for  disturbing  significantly  the  function  of  definite 
cr,;a..s  and  for  causing  death  of  animals.  Thus,  the  investigations  of  I.  1. 
Vannikov  provided  the  foundation  for  studies  of  the  cytotoxin  effect  of  anti¬ 
podes,  and  showed  that  the  capability  of  an  organism  to  produce  specific 
.-..-.tioodies  developed  during  the  process  of  evolution.  The  production  of 
v.t  foodies,  as  a  rule,  is  defensive  in  character,  but  under  certain  conditions 
(when  the  tissues  of  organism  are  antigens)  the  antibodies  turn  from  a  defensive 
to  an  opposite  role  and  become  a  cause  of  serious  disturbances  in-  the  function 
of  organs  and  even  of  death  of  the  orgarism. 

Investigation  of  heterotoxins  obtained  by  the  immunization  of 
animals  by  tissues  of  another  species  stimulated  further  development  of 
the  knowledge  with  respect  to  the  reaction  to  antibodies  in  the  tissues 
of  an  organism.  It  developed,  that  under  certain  conditions  of  exposure 
at  low  doses,  cytotoxins  may  exert  a  therapeutic  effect  on  many  physiolog- 
--al  processes  (16).  Numerous  experiments  which  ve  do  not  intend  to  dis- 
r-iss  in  the  present  paper,  are  dedicated  to  investigation  of  this  problem 
ar.l  to  testing  of  the  therapeutic  cytotoxin  serum  of  A.  A.  Bogomolets. 

"c.r-wor ,  the  studies  of  autotoxins  after  I.  I.  Kechnikov  proceeded  very 
slowly  and  interest  in  tham  has  been  restored  only  lately,  in  connection 
with  many  experiments  which  showed  that  absorption  of  the  decomposition 
products  of  intrii.  sic  tissues  (for  instance,  in  trauma,  breaking  up  of  a 
tumor,  necrosis  of  tissues  because  of  bacteria,  effect  of  fetus  and  so  on) 
can  cause  severe  pathologic  states  in  the  organism.  At  the  13th  All- 
Union  Conference  of  microbiologists,  epidemiologists,  hygienists  and  in- 
fc-ctionists,  in  reports  of  many  scientists,  serious  attention  was  paid  to 
triis  problem.  Many  interesting  data  were  presented  which  showed  a  fruitful 
creative  development  of  the  work  of  I.  I.  Mechnikov  in  the  region  of  auto- 
allcrgy  in  our  country.  N.  N.  Zhukov-Verezhnikov  (u6)  reported  creation  of 
a  r.cw  medical -biological  pathway  in  the  science  of' «.  noninfectious  immun- 
lo<y  »  i  which  includos  the  problems  of  immunology  in  mutability  of 
organisms,  embr/ogenesis,  imrnunohematology,  immunology  of  tissues  (trans¬ 
plantation  questions)  and  blood  compatibility,  immunology  of  radiation  sick¬ 
ness  and  burns. 

Investigation  of  these  various  problems,  which  have  great  theoretical 
and  practical  value,  led  to  establishment  of  a  series  of  new  methods  and 
roquired  the  working  out  of  a  detailed  classification  of  the  antigens  of 
colls  and  tissues  of  the  organism,  which  has  been  reported. 

V.  I.  Ioffe  (39)  emphasizes  the  importance  of  clinical  immunology, 
which  permits  studies  of  pathogenesis  of  the  sickness  and  reactivity  of  the 
organism  at  different  periods  during  the  course  of  the  sickness  (nonspecific 
immunology) .  The  report  of  P.  N.  Kosiakov  (88)  was  dedicated  to  the  questions 
of  noninfectious  immunity  in  connection  with  studies  of  compatibility  of  tissues, 
immunobiological  relationships  between  the  mother  and  fetus,  and  effects  of 
tumors  and  other  factors  or.  the  organism. 

One  of  the  conditions  for  the  appearance  of  the  autosensitizing 
r-.-action  against  substances  of  the  same  organism  proved  to  be  the  decomposition 
of  tissues  caused  by  different  reasons;  it  leads  to  a  partial  denaturation  of 
proteins  and  absorption  of  the  mass  of  substances  in  blood  stream,  where  pro¬ 
teins  of  the  given  organs  do  not  enter.  It  has  been  found,  that  even  with  no 
significant  denaturation,  repeated  injections  of  homologous  cerebral  tissue 
cause  encephalomyelitis  in  guinea  pigs,  rats,  dogs,  mice  and  monkeys  (266, 

273,  2li9,  2$k,  316,  322  and  others).  These  data  assist  in  explaining  the  appear- 
sr.co  of  pathologic  phenomena  of  the  nervous  system  which  sometimes  complicated 
antirabies  vaccinatious  (101,  86).  After  a  single  subcutaneous  injection  of 
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homologous  testicular  suspension  or  sperm  into  guinea  pigs  and  rats,  aspermia 
was  attainod  with  atrophy  of  testicular  tissue  (215) «  Homologous  extract  of 
cardiac  musclo  injected  subcutaneously  in  the  experiments  of  Math  (270)  in¬ 
duced  the  development  of  myocarditis,  and  the  injection  of  homologous  kidney  f 

tissue  (199)  led  to  the  development  of  glomerulonephritis.  Data  of  the  expert-  I 
ments  of  V,  R.  Khesin  (170)  and  I.  S.  Ginzburg  (26)  verify  the  important  role 
of  autoallergy  in  sicknosses  submitted  to  surgigal  treatment. 


Vascular  reactions  determined  by  autosensitization  of  an  organism 
in  pregnancy  are  described  by  P.  D.  Gorizontov  and  S.  Shliapin  (3h). 

Questions  connected  with  the  studies  of  immunohematologic  reactions, 
concerning  which  a  vast  literature  is  presented  in  the  review  of  Davis  set  (208), 
arouses  special  inteiest.  It  was  established  that  autoantibodios  to  the  formed 
elements  of  blood  are  present  in  many  sicknesses  of  hematopoietic  organs 
(anomia,  loukopenia,  thrombocytopenia). 


Tests  *-  animals  and  even  observations  on  humans  showed  that  the 
injection  of  serums  containing  such  antibodies  initiates  the  development  of 
corresponding  changes  in  the  blood  picture. 

Summarized  data  on  numerous  experimental  works  in  the  area  of  auto- 
sensitization  are  presented  in  several  review  articles  (]_U2 ,  318,  285) • 

Clinicians  have  paid  serious  attention  to  the  questions  of  autoallergy  in  the 
pathology  of  internal  sicknesses,  also  (155,  250,  321,  282). 

The  phenomena  of  autoallorgy  which  appear  as  a  result  of  reaction 
between  physical  factors  and  the  organism  are  as  yet  insufficiently  studied. 

Wo  know  only  the  experiment  of  Karady  (2^8),  which  showed  that  even  such  a 
factor  as  heating  of  the  intrinsic  serum  of  animals  to  56-58°,  or  cooling  it 
to  -5°  for  1^-2  minutes,  creates  a  state  of  sensitization  after  its  injection 
into  guinea  pigs.  Repeated  injection  of  such  a  serum  within  2-3  weeks  leads  ) 

to  the  development  of  shock  (in  the  absence  of  «  cross  >>  reactions  to  the  1 

injection  of  an  improperly  prepared  serum).  Such  data  can  explain  the  appear¬ 
ance  of  nettle  rash  in  humans  and  allergic  disturbances  after  the  cooling  of 
their  bodies.  The  effect  of  radiant  energy,  as  sunlight,  ultraviolet  rays  and 
ionizing  radiation,  also  pertain  to  physical  factors.  However,  there  are  only 
a  few  experimental  works  devoted  to  studies  of  the  autosens it izing  effect  of 
these  factors.  Allergies  caused  by  the  injection  of  other  heterogeneous  pro¬ 
teins  in  irradiated  animals  have  been  studied  much  better. 

There  t-re  several  methods  for  solution  of  the  problem  concerning  the 
presence  or  absence  of  auto sens it  izing  effect  of  ionizing  radiation.  Since 
the  process  of  allerginicity  is  connected  with  the  interaction  between  antigens 
and  antibodies,  it  should  be  found,  first,  whether  there  are  any  antigenic 
peculiarities  in  the  tissues  of  irradiated  organisms,  and,  second,  whether 
there  appear  antibodies  to  the  tissues  of  the  same  organism.  On  the  basis  of 
the  published  data  both  questions  can  be  answered  in  the  affirmative.  The 
appearance  of  antigenic  peculiarities  in  the  tissues  of  an  irradiated  organism, 
and  production  of  antibodies  in  it,  which  react  with  denatured  (by  any  method) 
proteins  of  the  organism  have  been  established,  too.  The  establishment  of 
those  important  facts  required  the  use  of  new,  unique  investigational  methods. 

R.  V.  Petrov  and  L.  I.  II1 in  (126)  used  the  method  of  anaphylaxis 
with  desensitization  according  ts  L.  A.  Zil'ber  for  the  studies  of  the  anti¬ 
genic  peculiarities  of  the  tissues  of  normal  and  irradiated  animals.  As  is 
known,  the  antigenic  differences  of  tissues  in  tumor  growth,  during  the  pro¬ 
cess  of  embryonic  and  individual  development  and  during  chronic  inflammatory 
illnesses  were  detected  by  this  method. 
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The  authors  sonsitized  guinoa  pigs  by  preparations  c.C  cellular 
mitochondria,  microsomos  and  structureless  cytoplasm  of  liver  and 
~.;osa  of  small  intestines  of  normal  rats  and  rats  exposed  to  2000-2500  r 
_*-3  days  following  irradiation,  i.e.  in  the  terminal  period  of  radiation 
cickness.  The  preparations  were  made  by  Down's  method  on  Soviet  ASL-1  and 
-2  separators.  The  tosts  for  presence  of  sensitization  and  desonsitizatior. 
-.  re  carried  out  on  a  homologous  preparation  with  21-30  days.  A  cross  check 
of  guinea  pigs  by  antigens  (by  different  fractions,  which  contain  tissue 
-•.rictures )  of  normal  and  irradiated  rats  showed  that  the  nuclei  of  the  cells 
of  liver  and  mucosa  of  the  intostines  of  irradiated  rats  contain  less  anti- 
is  complexes,  than  those  of  normal  animals.  On  the  other  hand,  antigens 
.v;'jnt  in  healthy  rats  has  been  found  in  mitochondria,  microsomes  and  cyto- 
L.-.s;n  obtained  from  the  tissues.  Ths  presence  of  a  new  antigenic  quality  is 
.-•.corded  also  in  spleen,  bone  marrov  and  blood  of  exposed  animals . 

Data  disclosing  the  character  of  changes  observed  in  liver  and  in 
i;/ucstinal  mucous  membrane  can  ce  presented  as  an  illustration  (Table  15). 

Table  15 

Charges  in  the  antigenic  properties  of  cellular  microstructures  of  liver  and 


intestinal  mucosa  of  irradiated  white  rats. 

-  -  .  '■■■■■  r  1  ■  — = —  -----  ■  ■  i  i  ■ 


Microstructure 
of  the  cell. 

Appearance  of  a  new 
antigenic  property 

Loss  of  part  of1  normal 
antigens 

liver 

intestines 

liver 

intestines 

Nuclei 

+ 

+ 

Mitochondria 

+ 

+ 

+ 

Microsomes 

+ 

+ 

+ 

_ 

Structureless  cyto- 

plasm 

+ 

+ 

— 

L.  A.  Zil'ber,  G.  M.  Frank,  A.  D.  Snozhko  (5M  and  V.  A.  Artamunova 
have  described  the  change  in  antigenic  properties  of  liver  and  spleen  of 
irradiated  rabbits,  established  by  the  same  method  by  using  salt  extracts 
of  organs  and  nucleoproteid  fraction.  The  report  confirms  the  studies  of 
it,  V.  Petrov  and  L.  I.  Il'ina,  which  had  established  the  possibility  of 
changes  in  the  antigenic  properties  of  tissues  of  an  irradiated  organism. 

The  presence  of  new  antigenic  properties  in  the  tissues  of  the 
irradiated  organism  is  shown  also  by  another  method--the  complement— fixation 
*  uuC uXon* 


By  means  of  immunization  of  rabbits  with  liver  tissues  of  normal  and 
irradiated  rats  exposed  to  2000  r  (the  liver  was  extracted  after  5,  2ii  and  72 
hours  following  irradiation),  serums  were  obtained,  which  were  used  for  setting 
up  direct  and  cross  complement-fixation  reactions  with  extracts  of  liver  tissue 
•*3  antigens.  The  results  obtained  are  presented  in  Table  16  (R.  V.  Petrov  and 
1.  I.  Il'ina). 

The  insignificant  differences  in  antigenic  properties,  expressed  in 
a  different  stage  of  hemolysis,  can  be  seen  from  the  liver  tissue  taken  after 
fivo  hqurs  following  irradiation. 

A  distinct  difference  in  the  degree  of  complement  fixation  and  in 
serum  titer  has  been  disclosed  in  liver  tissue  taken  within  three  days  after 
exposure.  Thus,  for  instance,  serum  of  rabbit  No  57  reacts  with  the  homo- 
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.-•s  antigen  (liver  extract  of  an  irradiated  rat)  in  a  dilution  of  1;80 
.  with  i  similar  antigen  from  the  liver  of  a  healthy  rat,  only  in  dilution 
and  not  for  fH  ,  but  for++. 

Thus,  the  presence  of  antigenic  peculiarities  in  the  tissue  of 
,ri-iated  organisms  admits  the  appearance  of  a  new  property  which  makes  the 
of  that  organism  heterogeneous  and  active  in  the  antigenic  sense.  The 
0f  the  anaphylactic  method  with  desensitization  and  the  complement-fixa- 
.  reaction  makes  it  possible  to  establish  changes  in  the  antigenic  content 
'.issues  and  the  time  of  their  appearance,  but  it  does  not  allow  one  to 
•  .ve  the  problem  with  respect  to  their  nature,  which  requires  further  investi- 
.-.•.ion.  The  decrease  in  antigenic  complexes  may  be  the  result  of  decomposition 
'  ir.e  tissue,  and  the  appearance  of  new  antigens  in  such  an  organ  as  liver, 

;:h  is  a  barrier  for  many  substances  proceeding  along  the  portal  system  fiom 
..r,  intestines,  could  indicate  the  adsurption  of  cellular  decomposition  products 
:ror.  other  organs.  The  clarification  of  these  peculiarities,  and  also  the 
;*.;cy  of  their  specif ity  in  radiation  pathology  requires  further  investigation. 

The  development  of  the  auto sensitization  process  due  to  radiation 
riTects  as  an  effective  hypothesis  may  be  presented  as  follows:  from  the  first 
- : r.ont  of  external  irradiation  (ahd  continuously  during  the  prolonged  effect 
radioactive  substances)  destruction  of  cells  occurs  in  many  organs,  and  due 
\-j  the  change  in  permeability  the  absorption  of  the  products  of  cellular  decay 
the  bloodstream  takes  place. 

Their  interaction  with  the  chemoreceptors  of  vessels  is,  evidently, 

•..'.0  initial  sensitizing  stimulus,  whose  intensity  is  determined  by  the 
.ar.tity  of  these  products,  i.e.  by  the  radiation  dose. 

.sviously,  the  sensitizing  effect  of  tissue  products  is  exerted  even  with 
•i  slight  degree  of  denaturaticn,  which  occurs  during  the  destruction  of 
:.;lls,  because  the  displayed  differences  in  antigenic  content  of  organs  of 
r.valthy  and  irradiated  animals  at  this  period  are  only  slightly  apparent; 

•.r.oy  form  mainly  during  the  period  of  the  climax  of  radiation  sickness. 

It  would  be  important  to  catch  the  first  phase  of  disintegration 
of  tissues  after  irradiation,  and  absorption  of  the  proteins  of  the  organs 
:,j  the  bloodstream. 

With  this  goal  R.  V.  Petrov  and  L.  I.  Il'ina  set  up  experiments 
-sing  radioactive  labeling  (S35)  0f  protein  compounds.  A  sulphur -labeled 
o3o)  solution  of  methionine  was  injected  subcutaneously  in  white  rats,  and 
•fter  two  days  part  of  the  animals  were  killed  in  order  to  determine  the 
level  of  inclusion  of  the  radioactive  methionine  in  the  proteins  of  different 
organs.  Afterwards  the  animals  were  subjected  to  X-irraaiation  at  a  dose 
cf  S00  r.  After  6,  2k  and  72  hours  following  irradiation,  the  groups  of 
Irradiated  and  nonirradiated  animals  were  Killed  and  in  these  also  the  radio- 
r.ivity  of  the  tissues  was  determined.  Kach  time  four  rats  were  killed. 

.'r.  the  comparison  of  the  radioactivity  of  tissues  in  irradiated  and  non- 
.r.-adiated  rats  killed  at  identical  times,  redistribution  of  the  label  was 
■  -ec  in  irradiated  animals  (Fig.  18).  Within  six  hours  the  amount  of 
.  -niled  proteins  in  bone  marrow,  mucosae  of  the  small  intestine,  and  testes 
eased,  but  in  liver  and  spleen  the  radioactivity  increased.  At  one  day 
;  three  days  the  label  kept  accumulating  in  liver;  its  excretion  took 
-~e  in  other  organs.  Such  a  redistribution  is  possible  only  through  the 
bloodstream. 

One  may  assume  only,  that  after  this  primary  effect  of  tissue 
products,  further-  development  of  the  autosensitization  process  begins.  On 
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the  3rd  day  tho  appearance  of  antibodies  can  be  established  in  blood  and 
organs,  which  give  a  positive  complement-fixation  reaction  with  denatured 
proteins  of  tho  corresponding  organism. 

Tho  appearance  of  such  antibodies  cannot  be  indifferent  for  a  normal 
functioning  of  a  series  of  organs  and  systoms,  because  the  interaction 
betwoen  tho  cytotoxin  antibodies  and  cellular  elements  also  changes  the 
permeability  of  cellular  membranes  and  the  intensity  of  metabolism.  Probably, 
many  pathologic  phenomena  in  radiation  sickness  may  depend  on  a  similar  in¬ 
fluence  of  autoantibodies. 

H 


Fig  18.  Redistribution  of  tho  label  (S35)  of  methionine  in  protein  in  the 
organism  of  white  rats  after  irradiation. 

In  the  reaction  were  used:  1-liver;  2-bone  marrow;  3-testes;  U-mucosa  of 
intestines;  5-spleen. 


Of  course,  further  accumulation  of  data  in  this  region  could 
essentially  change  the  presented  scheme;  however,  in  the  present  form  it 
scorns  to  be  useful  for  the  evaluation  of  individual  experimental  facts  in 
relation  to  a  definite  interpretation.  On  the  oasis  of  these  concepts  one 
feels,  that  it  is  important  to  study  not  only  the  mechanism  of  the  primary 
interaction  between  the  products  of  tissue  disintegration  and  the  receptor 
apparatus  of  vessels  and  tissues,  but  also  to  investigate  in  detail  the 
biological  effect  of  the  antibodies  forming  in  radiation  sickness. 

The  appearance  of  antibodies  against  the  autotissue  substances 
was  investigated  mainly  by  the  method  of  the  -complement -fixation  reaction. 
Tissue  extracts  containing  protein,  denatured  by  freezing  and  thawing;  by 
heating  or  by  alcohol  were  used  as  antigens.  The  experiments  of  I.  P.  Mish¬ 
chenko  and  M.  M.  Fomenko  (110),  P.  N.  Kiselev,  P.  A.  Buzini,  V.  A.  Semina 
(72)  have  established  the  fact  that  a  positive  complement-fixation  reaction 
with  such  an  antigen  in  animals  exposed  to  radiation  appears  from  the  3rd- 
iith  day  of  radention  sickness.  A  similar  reaction  occurs  also  in  burns 
and,  as  the  investigations  of  P.  N.  Kiselev  with  co-workers  (72)  showed, 
also  in  any  damage  to  the  tissues,  for  instance  after  the  injection  of 
microbes,  turpentine  injections,  autohemotherapy,  ultraviolet  irradiations 
and  so  on.  The  antibodies  are  nonspecific  to  tho  intrinsic  denatured  pro- 
tains  (because  serums  takon  from  animals  with  different  reactions  are 
completely  adsorbed  by  one  and  the  same  denatured  homologous  antigen)  and 
they  arc  prosorvod  in  tho  organism  to  four  months. 
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P.  N.  Kiselev,  p.  a.  Rizini  and  K.  1.  Uikitina  (73)  have  found,  that 
titer  of  antibodies  to  the  homologous  protein  increases  in  animals  after 
L  'r4^tional  irradiation  simultaneously  with  increased  resistance  of  the 

to  repeated  irradiation.  Thus,  the  data  obtained  indicated  that  ir- 
'.;ii-ition,  like  many  destructive  effects,  denatures  the  proteins  of  the  or- 
as  a  result  a  reaction  appears,  namely  the  formation  of  antibodies 
- ific  to  the  denatured  substances  of  tissues.  At  present  it  is  impossible 
•j  '-idge  the  role  of  these  antibodies  in  the  pathogenesis  of  radiation 
.-T'j  or  their  functional  influence  on  the  tissues  of  a  given  organism  by 
■  data  mentioned  above;  meanwhile  studies  of  this  problem  are  of  a  great 
.  .-.Vjrcst .  If  any  antibodies  appear  in  an  irradiated  organism,  then  they 
id  exert  an  affect  on  the  vital  activity  of  cells  and  tissues,  because 
.,,'r.r.  I.  I.  Mechnikov  indicated,  that  cytotropic  antibodies  change  signifi- 

*  .r.tly  the  function  of  many  organs  and  systems.  However,  one  fails  to  dis¬ 
cover  this  effect  by  means  of  the  complement-fixation  reaction.  There  are 

•  methods  for  its  detection:  either  to  study  the  in  vivo  effect  of  blood 
transfusion  from  irradiated  into  nonirradiated  animals,'  or  to  observe  the 
,r.  vitro  effect  of  blood  (serum)  on  the  cells  of  different  tissues  of  the 
yir.o  organism. 

It  has  been  found  that  the  blood  of  irradiated  animals,  especially 
•-.it  taken  from  specific  body  areas,  contains  hypotensive  substances  (33), 
i,c,  acquires  a  new  biological  activity. 

We  have  not  seen  papers  discussing  the  in  vitro  effect  of  humoral 
roducts  on  intrinsic  cellular  elements  of  ar.  irradiated  organism,  except 
for  the  investigations  of  B.  N.  Tarusov  (156)  with  respect  to  the  presence 
of  hemolytic  products  in  the  organs  after  irradiation  relatively  to  erythrocytes 
of  healthy  animals. 

To  study  this  question  the  method  of  Freund  and  Kaminerl)  which 
thoy  suggested  for  the  determination  of  caneeroiytic  properties  of  serum, 
vis  used  by  N.  N.  Klemparskaya.  In  this  reaction  the  decrease  in  tumor  cells 
in  the  serum  of  the  sick  is  determined.  The  numbers  of  cells  before  and 
after  maintenance  for  one  hour  in  this  medium  at  37°  are  compared. 

The  reaction  of  Freund  and  Kaminer  permits  evaluation  of  the  degree 
of  preservation  of  a  normal  lytic  (with  regard  to  tumor  cells)  activity  of 
oiood  serum,  which  sharply  decreases  in  cancerous  organisms. 

The  principle  of  evaluation  of  the  lytic  activity  of  serum,  on. 
the  basis  of  determination  of  the  disintegration  of  cells,  was  used  in  the 
/.poriments  of  N.  N.  Klemparskaya  not  for  studies  of  dissolution  of  pathologic 
(tumor)  cellular  elements,  but  for  investigation  of  the  effect  of  extracts 
if  organs  and  blood  on  the  intrinsic  cells  of  the  same  organism.  For  this 
:  urpose  a  method  of  preparation  of  individual  components  for  the  cytolytic 
-.action  were  worked  out  by  h ,  N.  Klemparskaya,  who  has  studied  the  conditions 
or  which  it  could  be  carried  out  and  computed.  By  means  of  this  reaction 
u.o  cytolytic  activity  of  extracts  from  organs  and  blood  serum  of  control  and 
..•r..diatad  animals  was  investigated  at  different  periods  of  radiation  sickness 
iro'l  mica,  27  guinea  pigs,  7h  rats,  lU  dogs  and  22  rabbits.  Cells  of  liver, 

.  pieon,  kidneys  and  intestinal  mucosa  and  leucocytes  were  the  objects  of 
..-ois.  It  was  found  that  the  cytolytic  activity  of  blood  plasma  and  of  ex¬ 
tracts  from  intestines,  bone  marrow,  spleen  and  kidneys  increases  with  de- 
vv. oping  radiation  sickness;  agents  appear  which  are  lytic  net  only  to  the 


*) vuotod  from  A.  A.  Bogomolets . 
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cells  of  organs  (as  for  instance,  liver),  but  also  to  leucocytes,  and  the 
appearance  of  leucocytolysines  precedes  the  development  of  leukopenia.  The 
nature  of  these  lytic  agents  requires  further  study,  but  even  now  a  con¬ 
nection  between  their  appearance  and  immunization  by  the  products  of  cellular 
disintegration  dan  be  established,  since  the  appearance  of  lytic  agents  can 
be  no tod  not  only  in  the  irradiated  animals  but  also  in  healthy  organisms  only 
after  injection  of  homologous  tissue  of  intestines  and  spleen  into  guinea 
pigs  and  rats.  If  these  cytolysines  prove  to  be  antibodies,  they  are  dif¬ 
ferent  from  bacteriolysinGS,  because  they  do  not  lose  their  function  after 
inactivation  at  56°  over  the  course  of  30  minutes  like  tissue  antibodies, 
described  by  Spar,  Bale,  Wolff  and  Goodland  (307).  The  dynamics  of  the 
appearance  of  cytolysines  in  irradiated  rats  and  dogs,  and  also  in  animals 
sensitize*.'  by  homologous  tissues,  are  presented  in  Pig.  19,  20  and  21. 


Number  of  days  after  exposure 
Leucocytes  Liver  cells. 


Fig.  19.  Increase  in  the  number  of  sharply  positive  reactions  with  liver 
cells  and  leucocytes,  in  per  cent  of  the  total  number  of  reactions,  in  rats 
at  different  periods  of  radiation  sickness. 


Thus,  on  the  basis  of  the  data  presented  above  one  may  judge 
of  the  presence  of  changes  in  an  irradiated  organism  which  are  of  im¬ 
portance  for  understanding  the  pathogenesis  of  radiation  sickness:  the 
character  of  cellular  antigens  changes  and  humoral  products  appear  capable 
of  reacting  in  the  complement-fixation  reaction  with  denatured  protein  of 
the  same  species,  ax.d  also  dissolying  the  cells  of  organs  and  leucocytes 
of  the  same  animal.  These  data  indicate  the  necessity  to  study  questions 
of  pathogenesis  of  radiation  sickness  by  immunologic  methods  and  the  close 
connection  between  the  phenomena  appearing  after  exposure  and  the  change  in 
the  immunobiological  reactivity  of  the  organism. 

Analysis  of  the  mechanism  of  action  of  therapeutic  methods  renders 
great  help  in  the  study  of  etiology  of  many  sicknesses.  Explanation  of  the 
reasons  for  effectiveness  of  these  treatments  must  be  an  imperative  clause 
in  the  testing  of  any  theory  treating  of  the  nature  of  tho  basic  changes  in 
radiation  sickness.  Therefore,  study  of  the  efficacy  of  various  means  of 
desensitizing  therapy  is  one  of  the  methods  for  investigation  of  the  role  of 
autoallergy  in  the  pathogenesis  of  radiation  sickness.  *s  is  known,  different 
methods  are  used  in  the  treatment  of  radiation  injuries  (93),  many  of  which 
share  a  common  property— the  capability  for  desensitization.  This  fact,  in 
our  opinion,  deserves  great  attention  as  proof  of  the  allergic  character  of 
many  processes  taking  place  in  radiation  sickness.  On  the  basis  of  the  ob¬ 
servations  of  N.  N.  Klemparskaya,  two  additional  desensitizing  methods  for 
the  treatment  of  radiation  sickness  can  oe  added  to  those  known  already;  by 
means  of  these  a  certain  therapeutic  effect  was  attained  in  the  experiments 
on  rabbits . 
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Pig.  20.  Change  in  the  number  of  leucocytes,  and  dynamics  of  appearance  of 
loucolysinos  in  dogs  exposed  to  600  r. 

j'sed  in  the  reaction:  l-leucocytes  -f-  blood  of  nontreated  animals;  2-leuco- 
oytcs  of  nonirradiated  animals  blood  of  treated;  3-leucocytes  of  treated 
animals  -f-  blood  of  nontreated;  ij-leucocytes  -f-  blood  of  treated  animals, 
arrow  shows  the  time  of  irradiation. 


The  first  one  is  a  $%  antipyrine  solution  which  was  used  on  the  } 

.sis  of  the  report  of  Kiiina  (quoted  from  I..  A.  Chernaya  and  co-workers  j 

(17lt)),  who  attained  complete  desensitization  by  means  of  endocardial  in-  t 

j  action  of  antipyrine  to  guinea  pigs  before  decisive  injection  of  heter-  j 

olsgous  protein.  Since  the  endocardial  injection  is  an  intervention  which  : 

is  ncroly  endured  by  irradiated  animals,  after  much  research  it  was  replaced 
by  intravenous  injections.  It  was  found,  that  the  therapeutic  effect  i3  ! 

preserved  after  a  decrease  from  5  to  1 .$%  in  the  concentration  of  anti¬ 
pyrine  solutions  at  the  beginning  of  the  treatment  even  at  more  than  U8  hour3 
after  irradiation.  By  means  of  daily  injections  of  antipyrine  solution  with 
other  effects  excluded  an  increase  in  the  survival  rate  from  33.3  to  $6.2% 
v.is  obtained  in  rabbits  exposed  to  X-irradiation  at  a  dose  of  800  r.  The 
other  desensitizing  method  used  by  N.  N.  iCLamparskaya,  based  on  the  instruc¬ 
tions  of  E.  I.  Gudkova  and  P.  P.  Sakharov  (38)  with  respect  to  the  desensit¬ 
izing  effect  of  novocaine  solutions  proved  to  be  more  effective.  After  a 
series  of  failures  in  using  one  and  two  per  cent  solutions,  a  good  therapeutic 
effect  was  attained  using  daily  injections  of  a  mixture  of  10  ml  of  0.2$% 
novocaine  solution  and  10  ml  of  h0%  glucose  solution  based  on  the  recommendation 
of  R.  Vartapetov  and  P.  Zhuchenko  (18),  who  used  a  mixture  of  these  solutions 
: or  the  treatment  of  some  illnesses  of  pregnancy).  Seven  out  of  nine  rabbits 
exposed  to  1000  r  survived,  while  all  nine  nontreated  control  animals  died. 

A  good  therapeutic  effect  of  weak  novocaine  solutions  was  noted  simultaneously 
by  M.  N.  Livanov. 

Finally,  there  is  one  more  possible  way  for  studying  the  role  of 
Allergy  in  the  pathogenesis  of  radiation  sickness:  efforts  to  induce  several 
phenomena  characteristic  of  the  given  sickness  by  means  of  experimental 
sensitization  of  animals  by  substances  of  tissues  of  the  same  species,  i.e. 
homosensitization. 

efforts  were  made  by  N.  N,  Klemparskaya  to  attain  some  changes 
characteristic  of  radiation  sickness  by  means  of  homosensitization;  but 
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sha  took  note  of  tha  difficulties  connected  with  the  accomplishment  of 
this  experiment  (81).  These  difficulties  are  a  complete  absence  of  data 
on  the  necessary  amount  of  tissue  and  its  qualitative  state,  of  the  route 
and  number  of  its  injections  (it  is  evident  from  the  absorption  of  the  dis¬ 
integration  products  of  irradiated  tissues,  that  this  process  is  continuous 
and  prolonged,  and  this  is  hard  to  reproduce  using  an  experimental  injection) 
and  finally  of  the  character  and  origin  of  tissue  products. 


All  these  differences  between  experimental  sensitization  and  the 
process  initiated  by  irradia.tior.  do  not  explain  the  development  of  pathologic 
processes  in  animals  for  all  oases.  However,  by  means  of  homosensitization, 
pathologic  states  having  several  symptcms  rather  similar  to  those  of 
radiation  sickness  were  achieved  in  many  animals. 


-mreciat ely  after  the  primary  ur»j*~ry  oi  zissues  cy  radaacuon  energy ,  ana 
therefore,  by  the  experimental  injection  of  a  prepared  tissue  suspension, 
of  course,  it  is  impossible  to  restore  such  phenomena,  as  epilation  or 
cataract  development,  which  depend  on  a  direct  injury  of  tissues  of  the  given 
organs  by  radiation. 


In  the  performance  of  the  experiments  it  should  be  noted  that 
allergen  characteristics  of  tissue  proteins  of  different  organs  are  not 
identical.  Thus,  for  instance,  N.  A.  Gorbunova  and  C.  M.  Tsypina  (30)  have 
revealed  a  difference  in  anaphylactogenic  properties  (in  an  experiment  on 
heteroallergy)  even  in  the  serum  proteins  of  blood.  In  addition  to  the 
qualitative  peculiarities  of  tissue  proteins  their  quantity  (i.e.  mass  of 
the  given  tissue)  and  the  stage  of  vascularization  of  an  organ,  upon  which 
depends  the  rats  of  absorption  of  the  products  of  tissue  disintegration, 
must  be  of  great  importance  as  well.  In  our  opinion,  the  tissue  of  the 
mucous  membrane  of  the  small  intestines,  richly  provided  with  blood  vessels 
and  the  lumen  of  intestines  ordinarily  containing  a  great  quantity  partially 
autolyzed  disintegration  products  of  cells,  from  which,  as  known,  the  in¬ 
testinal  enzymes  develop  (179,  135,  136).  In  1907  L.  B.  Popel'skii  (133) 
showed  that  the  contents  of  the  small  intestine  are  highly  toxic  if  injected 
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tho  vein  cf  animals  of  the  same  species.  Obviously  there  i3  no  ab¬ 
sorption  of  indigenous  proteins  of  autolyzed  intestinal  epithelium  in  a 
healthy  organism,  but  it  becomes  possible  after  damage  to  the  permeability 
of  the  intestinal  wall  caused  by  ionizing  radiation. 

It  is  generally  known,  that  during  th6  clinical  course  of  radiation 
sickness  tho  symptoms  of  damage  to  function  of  the  gastrointestinal  tract  are 
well  expressed.  Histological  investigations  showed  the  presence  of  necrotization 
and  scaling  of  epithelium,  vacuolization,  swelling  and  disintegration  of  the 
nuclei  of  colls  of  mucosae  and  submucosae,  formation  of  erosions,  ulcera  and 
hemorrhages  (90). 

N.  N.  Xlomparskaya  (79)  in  studying  not  only  slices,  but  preparations- 
innrints — stained  according  to  the  method  of  Romanovskii-Gimz,  made  simultaneously 
from  different  organs  of  the  same  irradiated  rabbit,  has  established  the 
greatest  destructive  changes  to  be  in  the  mucosae  of  the  small  intestine. 

Connlete  destruction  of  the  epithelial  cells  was  observed— cytolys is  with 
the*  formation  of  amorphous  masses  staining  blue — ,  at  the  peak- of  radiation 
sickness  and  in  nonsurviving  animals,  while  the  structure  and  typical  color 
of  the  cells  of  other  organs  (kidneys,  liver,  spleen)  were  preserved,  al¬ 
though  the  vacuolization  of  nuclei -and  swelling  of  protoplasm  were  noted. 

This  vast  cellular  disintegration  occurs  during  the  appearance  of 
diarrhea,  fever  and  rich  seeding  of  organs  with  bacteria  of  intestinal  auto¬ 
flora  against  the  background  of  a  significant  increase  in  the  number  of 
bacteria  ir.  the  intestinal  contents  (123).  The  presence  of  lysis  of  a  large 
number  of  cells  of  the  mucosa  of  intestines,  as  the  observations  of  N.  N. 
Xlemparskaya  (80 )  indicated,  is  indicated  by  a  substantial  increase  in  the 
bactericidal  activity  of  the  intestinal  contents  beforo  death  of  the  animal, 
which  at  this  terminal  period  does  not  have  any  protective  value  for  the 
organism.  Increase  in  the  bactericidal  activity  of  the  intestinal  contents 
of  rabbits  that  died  on  the  6th-7th  day  following  exposure  to  1100  r,  and 
of  mice  exposed  to  5>00-75>0  r,  in  contrast  to  normal  animals,  shows  complete 
bacteriostasis  of  the  autoflora  in  bacterial  cultures  on  a  mixture  of  agar 
with  this  content. 

The  functional  changes  in  the  activity  of  the  cutaneous  tegmina 
and  in  the  blood  content  of  the  vessels  of  the  stomach  region,  discovered  by 
this  author,  prove  the  important  role  of  damage  to  the  organs  of  abdominal 
cavity  in  the  pathogenesis  of  radiation  sickness  (80). 

An  early  decrease  in  the  bactericidal  function  of  the  skin  of 
the  belly  and  appearance  of  leukopenia  was  established  by  N.  N.  Klemparskaya 
in  the  vessels  of  this  retion,  while  even  leucocytosis  was  observed  in  the 
peripheral  vessels  of  other  body  regions.  These  changes  could  be  the  con¬ 
sequence  of  segmentary  reflex  effects  of  the  pathologically  changed  organs  of 
abdominal  cavity.  The  presence  of  local  leucocytosis  in  the  cutaneous 
vessels  over  an  inflammatory  locus  is  a  phenomenon  well  known  to  internists 
and  surgeons  (17,  93,  63). 

In  the  given  case  there  is  no  leucocytosis,  but  regional  leukopenia, 
dependent,  evidently,  on  severe  damage  to  the  organs  of  the  abdominal 
cavity,  not  inflammatory  but  rather  degenerative  in  character* 

Thus,  a  series  of  facts  confirms  tho  important  role  of  injury  of 
the  intestinal  tract  in  radiation  sickness,  which  results  in  the  development 
of  the  corresponding  clinical  syndrome;  zonal  disturbances  in  the  physiological 
functions  appear  and  the  process  of  autosensitization  develops,  explained  by 


the  absorption  of  Intestinal  content  which  usually  does  not  get  into  the  blood¬ 
stream  in  the  indigenous  form  and  in  large  quantities. 


Fig.  22.  Changes  in  some  indices  of  the  condition  of  a  rabbit  after  a  series 
of  subcutaneous  injections  of  homologous  intestinal  tissuej  arrows  show  the 
time  of  injection  of  the  tissue. 

Of  course,  in  the  development  of  the  total  symptomatic  complex  of 
radiation  sickness  many  other  factors  must  be  taken  into  account  also: 
destructive  changes  in  many  organs,  the  mutual  neuro-humoral  effect  of  a 
series  of  physiological  systems,  and  first  of  all  the  nervous  system,  How- 
evor,  in  our  opinion,  injury  of  intestinal  tract  by  radiation  plays  one  of 
the  chiof  roles  in  the  development  of  subsequent  changes  in  the  organism. 

M.  H.  Pobedinskii  (132)  indicates,  that  of  all  variations  of  local  irradiations 
only  the  irradiation  of  stomach  results  in  the  development  of  radiation 
sickness. 

Studies  of  the  decisive  role  of  changes  in  the  structure  of  tissue 
antigens  in  the  development  of  autosensitization  of  irradiated  animals  are 
very  important. 

Final  clarification  of  this  problem  first  of  all  requires  studies 
on  the  specificity  of  these  changes  with  respect  to  radiation,  because  it  is 
well  known  that  differences  in  the  antigenic  structure  of  tissues,  made 
apparent  by  the  method  .of  anaphylaxis  with  desensitization,  are  displayed 
in  mapy  sicknesses  and  even  at  different  ages-  of  animals. 

Development  of  significant  changes  in  tissue  antigens  with  developing 
radiation  sickness,  especially  shortly  before  death  of  the  animal,  is  shown 
in  the  investigations  of  R.  V.  Petrov  and  L.  I.  Il'ina  (126).  It  is  possible, 
that  these  changes  are  consequences,  and  not  causes  of  the  primary  processes 
caused  by  radiation. 

Disturbances  in  the  permeability  of  vessels  and  tissues  are  of 
great  importance  in  the  development  of  autosensitization  in  radiation  sick¬ 
ness.  A  special  importance  of  this  factor  in  the  development  of  allergy  in 
general  is  reported  'ey  X.  A.  Skvortsov  (lUj);  he  considers  the  increase  in 
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Number  of  experimental  days 


0.1  ml  of  suspension  of  the  intestinal 
tissue  injected  intracutaneously  in  ears 
and  tail  -of  a  rabbit: 


Fig.  23.  Changes  in  several  indices  of  the  condition  of  a  rabbit  after  many 
intracutaneous  injections  of  homologous  intestinal  tissue;  the  arrows  show 
the  injection  time. 

pormeability  to  be  one  of  the  basic  factors  that  determine  both  the  possibility 
of  sensitization  and  the  occurrence  of  the ^  resolving  ?->  contact  of  allergen 
with  tissue  antibodies.  Under  the  conditions  of  damaged  permeability  of  the 
vessels  of  an  irradiated  organism  disintegration  products  of  cells  in  the 
indigenous  form  are  absorbed  by  the  bloodstream.  Obviously  the  changes  in 
the  state  of  proteins  associated  with  tissue  damage  and  the  presence  of  some 
peculiarities  in  the  antigons  of  various  organs  are  sufficient  for  the 
sonsitizing  effect. 

Let  us  remember  that  in  the  investigations  of  I.  I.  Mechnikov  and 
the  series  of  authors  mentioned  above  (2U9,  2$hy  263,  316,  322)  nephritis, 
myocarditis  and  encephalitis  were  attained  by  injection  of  minced  tissue  of 
healthy  organisms. 

To  study  the  biological  effect  of  the  injection  of  homologous 
tissue  of  irradiated  and  healthy  animals  N.  N.  Klemparskaya  has  carried 
out  experiments  on  96  rabbits,  h3  guinea  pigs  and  1*62  mice. 

Freshly  prepared  10-25$  suspensions  of  tissues  of  normal  and  ir¬ 
radiated  animals  of  identical  species  were  injected  by  different  methods 
intravenously,  subcutaneously,  intramuscularly  and  intracutaneously. 

Tissues  of  the  small  intestinal  mucosae,  liver,  spleen  and  encephalon 
were  used.  The  greatest  number  of  experiments  was  carried  out  with  intestinal 
tissue. 

The  data  obtained  confirmed  the  report  of  L.  B.  Popiel'skii  (133) 
with  respect  to  the  toxicity  of  the  intestinal  contents  of  healthy  animals, 
and  new  facts  can  be  established  which  characterize  the  biological  effect 
of  the  tissues  of  this  organ.  The  injection  of  an  extract  or  suspension  of 
homologous  tissues  of  the  small  intestines  of  healthy  and  irradiated  rabbits 
induces  the  development  of  leukopenia,  appearance' of  fever  on  the  5th-8th 
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Fig.  2li.A.  Trophic  ulcers  on  the  soles  of  hind  feet  of  rabbits  after  ii— 6 
weeks  following  injection  of  homologous  intestinal  tissue. 


day,  changing  into  hypothermia  before  death,  weight  loss  and  appearance  of 
hemorrhages  in  lungs  and  intestinal  tract  in  healthy  animals. 


To  illustrate  the  changes  in  the  condition  of  -nirrals  after  injection 
of  homologous  tissues.  Fig.  /?.  and  23  show  the  dynamics  of  the  changes  in 
weight,  temperature  and  leucocyte  count.  Cultures  from  organs  of  nonsurviving 
animals  oftener  remain  sterile  or  give  growth  to  intestinal  autoflora,  and 
sometimes  to  white  staphylococcus. 

Finally  in  part  of  the  animals  the  development  of  symmetrically 
located  trophic  ulcers  on  the  soles  of  both  hind  feet  of  rabbits  was 
observed  after  a  prolonged  period  of  time  following  the  injection  of  tissues. 
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Fig.  21;  B.  Trophic  ulcers  on  the  soles  of  hind  feet  of  rabbits  after  U— 6 
weeks  following  the  injection  of  cellular  fractions  of  the  mucosae  of  small 
intestines. 


The  appearance  of  these  ulcers  (Fig.  2li)  is  very  similar  to  trophic 
ulcers  cn  the  feet  of  rabbits  after  single  local  irradiation  of  one  of  the 
legs;  the  ulcers  have  been  descrioeo  by  .  h.  uorizor.uov  (33)* 
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Rabbits 

Preparations ,  ml. 


Of  a  healthy 
rabbit 


N»i9  V  SI 

3  3  1 


Of  an  irradiated  rabbit 


U  SO 

0,15  0,1 


Number  of  leucocytes 


oefore  injection 
immediately  after  death 


Fig.  25.  Change  in  leucocyte  count  after  intravenous  injection  of  mito¬ 
chondria  of  the  intestinal  mucosae  of  healthy  and  irradiated  animals. 


In  addition  tr  the  direct  effect  of  homologous  tissue  .tractions 
the  authors  have  also  recorded  the  appearance  of  pathologic  proc  Jtses  at  a 
remote  period  after  the  time  of  injection. 
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Fig.  26.  Effect  of  intravenous  injection  of  10.5  mg  of  the  mitochondrial 
fraction  in  healthy  rabbit;  the  arrow  shows  the  moment  of  injection* 


After  intravenous  injection  of  10  mg  of  a  fraction  of  mitochondria 
of  the  mucosae  of  homologous  intr-:-,ines  in  four  healthy  rabbits  the  develop¬ 
ment  of  fever  (uO-Ul°)  on  the  Uth  and  6th  day  and  loss  of  weight  were  ob¬ 
served  in  all  of  tnem;  two  of  them  di<>d  on  the  sixth  and  eleventh  day  with 
hemorrhages  in  the  lungs  necrosis  of  the'r,,cous  membrane  of  the  duodenum  and 
the  beginning  of  the  small  intestines.  The  cultures  from  internal  organs 
were  sterile  (Fig.  26);  white  staphylococcus  was  separated  from  kidneys  of 
one  out  of  four  rabbits  taken. 

Such  occurrences  were  not  observed  in  raobits  that  received  an 
injection  of  the  mitochondrial  fraction  of  irradiated  animals,  probably 
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because  the  amount  of  this  preparation  was  much  smaller  (2.5  mg  of  this 
fraction  was  a  lethal  dose). 


All  these  clinical  symptoms  and  the  development  of  autoinfection 
are  very  similar  to  the  changes  observed  in  radiation  injuries. 


The  injection  of  liver  suspension  initiated  these  symptoms  much 
less  frequently  and  only  in  animals  most  sensitive  to  allergy— guinea  pigs. 
Allergenicity  of  the  suostance  taken  from  healthy  animals  in  these  exper¬ 
iments  was  higher,  than  that  from  the  irradiated  animals.  An  impression  may 
form,  that  -he  disintegration  of  tissue  and  depolymerization  of  complex  com¬ 
pounds  induced  by  radiation  lead  ever,  to  impoverishment  of  the  tissue  vith 
respect  to  antigenic  substances.  This  contradicts  the  assumption  of  the 
appearance  of  special  toxins  in  the  tissues  of  an  irradiated  organism. 


In  order  to  carry  out  detailed  studies  of  the  changes  in  biological 
afreets  of  tissues  of  an  irradiated  organism,  N.  N.  Klemparskaya,  R.  V.  Petrov 
and  L.  X.  Il'ina  have  observed  the  effect  of  different  fractions  of  the  tissue 
of  the  mucosa  of  small  intestines  and  the  liver  (of  nuclei,  mitochondria  and 
cytoplasm)  obtained  by  the  method  of  Claude  (201)  and  Bounce  (211)  on  healthy 
animals. 


One  hundred  and  fifty  rabbits  were  used  for  the  studies  of  the 
character  and  nature  of  the  biological  effects  of  these  substances. 

These  experiments  revealed  a  capacity  for  a  very  active  biological 
effect  expressed  in  the  development  of  shock  directly  after  intravenous  in¬ 
jection  of  definite  numbers  of  cells  of  the  mitochondrial  fraction  of  mucosa 
of  the  small  intestines.  The  mitochondrial  fraction,  containing  10  mg  of  the 
preparation  per  1  ml  of  rabbits  irradiated  with  1000  r  of  1-rays  or 
^-rays  was  more  active  within  6-2u  hours  after  irradiation,  than  the  pre¬ 
paration  of  identical  concentration  taken  from  healthy  animals.  After  intra¬ 
venous  injection  of  2.5  mg  (or  0.25  ml)  of  the  preparation  of  irradiated 
animals  and  25-30  mg  (or  2.5-3  ml)  of  mitochondria  of  the  intestineal  mucosa 
of  healthy  rabbits,  rapidly  occurring  death  from  shock  was  observed  in  a 
healthy  rabbit— recipient  (within  30  seconds  to  l£  minutes).  Asthma  and  shaky 
gait  appeared,  the  animal  fell  on  its  side,  intense  spasma  developed,  ex¬ 
cretion  of  urine  was  observed  and  the  animal  died.  Sharply  pronounced 
leukopenia  was  always  discovered  after  death  in  blood  taken  from  the  heart, 
as  it  can  be  seen  from  Fig.  25. 

There  were  no  macroscopic  changes  in  the  organs,  except  fer  r.yper- 
emia  of  lungs  and  small  intestines. 

As  seen  .from  the  data  presented,  the  shock-iixe  effect  cf  mito¬ 
chondria  from  irradiated  rabbits  was  much  greater  than  that  from  healthy 
ones,  although  the  character  of  the  induced  changes  was  identical.  Probably 
this  as  well  as  the  qualitative  changes  may  be  explained  by  a  presence  of  a 
large  quantity  of  the  products  of  depolymorization  of  tissue  suostances, 
whach  accumulate  during  the  centrifugation  of  this  fraction. 

ouch  a  manifestation  of  biological  effect  was  observed  only  after 
the  .utrs venous  injection  of  the  given  fraction  and  was  aosent  after  injec¬ 
tions  o-  equal  and  much  larger  quantities  intraperitonealiy,  ir.tracutaneously, 
intramuscularly  or  subcutaneously. 

of  all  those  preparations  of  the  tissues  of  liver  and  small  in¬ 
testinal  mucosae,  after  intravenous  injection  of  10  mg  of  preparation  by 
protein  content  death  was  caused  only  by  the  fraction  containing  intest' nai 
mitochondria.  Preparations  of  liver  calls  and  fractions  of  nuclei  .  nd  /to- 


plasm  of  intestines  in  these  quantities  were  well  endured  by  rabbits  and 
neither  caused  death  nor  the  development  of  leukopenia. 

Formation  of  trophic  ulcers  on  both  hind  feet  of  the  rabbit  within 
}h  days  after  a  single  intravenous  injection  of  the  preparation  of  nuclei  of 
the  intestinal  mucosa  of  irradiated  rabbits  in  one  of  the  manifestations  of  a 
delayed  effect  of  sensitization  by  the  fractions  of  homologous  tissues  (Fig. 
2h3).  Ulcers  from  the  Injection  of  whole  suspensions  of  intestinal  tissue 
(see  Fig.  2iiA)  and  ulcers  which  developed  as  a  result  of  local  irradiation  of 
one  of  the  legs  are  similar  to  those  described  above  (33). 

Thus,  in  experiments  dealing  with  the  injection  of  suspensions  of 
indigenous  tissue  and  of  individual  microstructures  of  cells  it  has  been  found 
tiiat  the  intestinal  substances  have  an  active  biological  effect  on  an  animal 
of  the  samo  species. 

How  can  it  be,  with  no  radiation  effect  and  with  an  inevitable 
destruction  of  cells  in  the  intestines  no  autosensitization  develops? 

Evidently,  the  amount  of  all  the  products  and  the  rate  of  their 
absorption  by  the  bloodstream  are  of  great  importance,  because  it  has  been 
established  that  normal  homologous  and  even  heterologous  serum  has  a  detoxi¬ 
cating  effect  on  the  shock-producing  capacity  of  the  mitochondrial  fraction 
of  intestines  under  the  compulsory  condition  of  contact  for  an  hour  at  37° 
has  been  established.  Simple  mixing  of  serum  with  the  mitochondrial  pre¬ 
paration  did  not  hinder  the  development  of  snoclc. 

The  important  role  of  autosensitization  of  the  organism  in  the  de¬ 
velopment  of  radiation  injuries  is  confirmed  not  only  by  the  facts  presented 
above  with  respect  to  the  development  of  pathologic  conditions  after  injection 
of  tissue  products,  but  also  by  the  fact  that  homosensitization  makes  the 
organism  especially  sensitive  to  radiation.  Against  the  background  of  an 
existing  increased  sensitivity  to  the  tissue  products,  radiation  by  causing 
damage  to  the  cells  and  by  changing  permeability  becomes  a«  decisive  » 
factor,  which  affects  the  organism  more  severely  than  radiation  with  no 
sensitization.  In  the  experiments  of  N.  N.  Klemparskaya  only  one  out  of 
16  rabbits  exposed  to  X-irradiation  of  800  r  died  of  shock  after  exposure, 
but  6  out  of  7  preliminarily  sensitized  with  the  tissue  of  rabbit's  intestines 
(2  weeks  to  5  months)  died  during  the  first  four  hours. 

During  the  first  five  days  seven  out  of  twenty  mice  exposed  to  a 
dose  of  600  r  died,  but  ten  out  of  twelve  mice  sensitized  with  the  tissue  of 
homologous  intestines  died  over  this  period.  However,  if  the  injection  of 
tissue  occurs  after  irradiation  even  with  sublethal  radiation  doses,  then 
it  becomes  a«  decisive »  factor,  and  animals  die  after  amounts  of  tissue 
products,  which  are  well  tole ’ated  by  healthy  animals.  Thus,  for  instance, 
five  out  of  six  guinea  pigs  irradiated  with  >0  r  aied  after  injection  of  liver 
tissue,  but  only  one  out  of  eight  r.onirraaiated  animals  died.  Consequently, 
both  the  injection  of  tissues  and  irradiation  can  oe  mutually  aggravating 
factors. 


This  circumstance  has  great  practical  value,  because  it  explains 
why  an  organism  undergoing  some  process  connectea  with  absorption  of  tissue 
disintegration  orocucts,  for  instance,  trauma,  inflammatory  1:1 action  locus, 
pregnancy  and  so  on,  usually  x  as  ponds  severely  to  ionizing  radiation. 

in  light  of  these  data,  evaluation  of  the  role  of  infectious  pro¬ 
cesses  in  an  irradiated  organism  is  of  special  int  'rest.  One  must  tax®  into 
account  that  in  audition  to  the  effect  of  toxic  products  of  metabolism  of 
tr.e  microbe  ceil  itself,  in  inflammatory  processes  of  microoial  etiology, 
tr.e  breakdown  of  tissues  of  the  organism  and  formation  of  «  endogenous 


factors^  take  place,  which,  according  to  the  judgment  of  Kh.  Kh.  Planel'yes 
(130)  is  of  groat  significance  in  the  pathogenesis  of  infectious  diseases. 
This  circumstance  is  especially  important  against  the  background  of  an  auto- 
ssnsitized  (for  instance,  after  irradiation)  organism  in  which  the  appearance 
of  the  products  of  tissue  disintegration  plays  a  « decisive  »  role  and 
aggravates  the  course  of  the  basic  process  of  autosensitization. 


On  the  other  h».id,  the  presence  of  the  sensitization  process  in 
the  organism  determines  the  severe  course  of  the  local  inflammatory  process. 

As  Z.  A.  Kirilenko  (£c)  shewed,  in  the  infection  site  of  an  orrar.isr.  sensitized 
by  heterologous  protein,  as  in  the  process  in  irradiate!  animal,  many  more 
bacteria  accumulate  than  in  a  normal  organism,  and  the  process  is  more  severe 
in  character.  In  our  opinion,  together  with  a  series  of  other  causes,  the 
severe  course  Of  infectious  processes  in  irradiated  organisms  depends  on 
this  mutual  effect  of  autosensitization  and  infectious  damage  (connected  with 
local  formation  of  tissue  disintegration  products). 


The  existing  literature  data  refer  to  the  affect  not  of  homo-, 
but  heterosensitization  on  the  course  of  infections.  All  authors  who  have 
studied  this  problem  come  to  one  and  the  same  conclusion,  that  the  infection 
with  microbes  of  animals  sensitized  by  heterologous  protein  leads  to  a  more 
severe  course  of  radiation  sickness  as  compared  with  the  control  animals. 

3.  ?.  Tsinbalist  and  1.  A.  Emel'yanova  (171)  have  reported  all 
mortality  rate  in  sensitized  guinea  pigs  (more  than  four  times),  if  infecusd 
with  diphtheria  bacteria.  Eighty  five  per  cent  of  these  animals  had 
bacteriemia,  and  their  infection  dose  was  significantly  lower  than  that  of 
nonsensitized  animals. 


L.  L.  Aandyba  (62)  has  studied  the  course  of  diseases  caused  by 
pnaumacocci,  streptococci,  viruses  of  encephalomyelitis  and  intoxication  by 
diohtheria  toxin.  The  importance  of  using  a  definite  amount  of  sensitizer- 
horse  serum— and  a  dose  of  microorganisms  has  been  reported.  In  certain 
combinations  of  these  two  factors  a  significant  aggravation  of  the  infectious 
process  in  sensitized  animals  has  been  attained.  The  author  presents  a  re¬ 
view  of  foreign  papers  reporting  on  the  severe  course  of  streptococcus  and 
staphylococcus  infections  in  sensitized  raobits  and  dogs.  However,  we  failed 
to  find  published  investigations  with  respect  to  the  question  of  the  effect 
of  autoallergy  on  the  course  of  infections. 

The  experiments  of  N.  H.  Klemparskaya  performed  on  21a  raobits  and 
36  guinea  pigs  indicated  that  experimental  intracutaneous  injection  of  living 
culture  of  coliform  bacteria  into  nor.irraciated  animals  sensitized  with  homo¬ 
logous  tissues  leads  to  the  development  of  more  severe  local  inf larcmatory 
changes  in  comparison  with  the  control  animals;  the  dimensions  of  ii .filtration 
areas  increase,  and  necrosis  and  hemorrhages  appear.  The  spreading  of  the  in¬ 
jected  microbes  into  internal  organs  occurs  in  these  animals,  and  in  many  cases 
it  is  followed  by  their  death,  which  was  never  observed  after  intracutaneous 
injection  of  coliform  oucteria  in  healthy  guinea  pigs  and  rabbits.  Table  17 
is  presented  as  an  illustration;  it  shows,  that  single  and  repeated  injoctions 
of  homologous  tissue  cause  a  decrease  in  the  weight  of  animals  and  increase 
ir.  their  sensitivity  to  the  intracutaneous  infection,  which  is  manifested 
both  by  an  increase  in  the  intensity  of  local  inflammatory  symptoms  and  by 
death  after  infection.  The  specific  peculiarities  of  the  effect  of  homo- 
sonsitizatior.  by  various  tissues  or.  the  course  of  infections  require  further 
studies,  but  one  can  see  from  the  data  presented,  that  the  effect  is  not 
identical:  the  aggravation  was  higher  in  guinea  pigs  sensitized  oy  iniostiml 
tissues  :.s  compared  with  the  sensitization  by  liver  tissue.  The  sensitisation 
was  carried  out  6-10  days  oefore  the  injection  of  the  uecisjve  dose. 
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The  axtornal  appearance  of  cutaneous  inflammatory  loci  of  two 
rabbits— control  (A)  and  experimental  (B),  sensitized  by  the  suspension  of 
the  intestinal  tissue  of  a  rabbit,  is  presented  in  Fig.  27. 


Fig.  27.  External  appearance  of  inflammatory  locus  in  rabbits  within  2h  hours 
after  the  injection  of  10  bil.  of  coliform  bacteria. 

A-in  control  rabbit,  B-in  a  rabbit  sensitized  2$  days  before  injection  of  the  ! 

intestinal  tissue.  Hemorrhages  of  large  dimensions  and  edema  extending  down 
to  the  lower  area  of  the  stomach  can  be  seen  in  the  experimental  rabbit. 


Kuch  larger  dimensions  of  infiltration  area,  and  hemorrhages,  can  be 
•observed  in  the  experimental  animal. 

The  aggravation  of  the  experimental  infection  in  homos ensitized 
animals  was  demonstrated  especially  clearly  in  the  experiments  of  N.  N.  Klem- 
parskaya,  R.  V.  Petrov  and  L.  I.  Il’ina  by  the  injection  of  various  rabbit 
tissues  containing  various  microstructures  of  cells:  nuclei,  mitochondria  and 
cytoplasm,  obtained  from  healthy  at  well  as  irradiated  animals,  in,o  rabbits. 

The  rabbits  received  an  intravenous  injection  of  10  mg  of  the  fractions  indic¬ 
ated  (except  for  the  mitochondrial  fraction  of  intestines  of  an  irradiated 
rabbit;  it  was  injected  intravenously  in  the  amount  of  1-2  mg,  because  a  higher 
dose  caused  death  of  an  animal;  or  10  mg  were  injected,  but  by  another  route) 
and  after  13-35  days,  intracutaneous  in^ct^^y^h^ living  one-day-old  culture 
of  coliform  bacteria  (l  bil.  microbes)/  Theadata  ootalnedare  presented  in 
Table  IS . 
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Fig.  28.  External  appearance  of  inflammatory  focus  2h  hours  after  intracutaneous 
injection  of  lbil.  of  coliform  bacteria. 

A-rabbit  No  83  (control);  B-rabbit  No  61  sensitized  35  days  and  once  more  13  days 
oefore  infection  by  intravenous  injection  of  cytoplasmic  fraction  of  intestines 
of  an  irradiated  rabbit. 


A  slight  infiltration  with  a  moderate  hyperemia  from  3  to  5  cm. 
in  diameter  formed  on  the  site  of  injection  of  two  control,  nonsonsitized 
rabbits.  The  size  of  infiltration  areas  in  nine  rabbits  that  received  in¬ 
travenous  injections  of  tissue  fractions  of  healthy  animals  also  were  within 
these  limits,  except  for  two  rabbits  that  received  injections  of  preparations 
of  cytoplasm  and  mitochondria  of  intestinal  mucosa.  However,  these  animals 
had  neither  necrosis  nor  hemorrhages. 

The  course  of  the  local  inflammatory  process  was  much  more  severe 
in  rabbits  sensitized  by  various  fractions  containing  microstructures  of 
cells  of  irradiated  animals. 

Necrosis  on  the  site  of  injection  of  coliform  bacteria,  and  in¬ 
tensely  expressed  hemorrhages,  appeared  in  six  out  of  nine  raobits.  The 
external  appearance  of  these  foci  reminded  very  much  of  the  necrotic-hemorrhagic 
reaction  to  the  intracutaneous  injection  of  coliform  bacteria  in  irradiated 
rabbits  described  by  V.  F.  Sosova  (Fig.  26).,  Consequently,  the  sensitizing 
effect,  with  regard  to  damage  to  the  tissues  by  microbes,  was  more  conspicuous 
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Table  18 


Effect  of  sensiti2?+-ion  by  different  tissue  fractions  of  normal  and 
irradiated  rabbits  on  the  intensity  of  the  local  inflammatory  reaction. 

V  . .  1  -V  "  mmm%  "  "  "■  *"  I  1"  '  "T"! . tmm  1  1  r  '  ■  111  ■  Ji  1  11  I  “U‘  l  1  1  J  *1  ■■  “A"1  .1 


Organs 

of 

rabbit 

Normal  or 
irradiated 
with  a  dose 
of  1000  r. 

fraction 

No.  of 
the  sens* 
itized 
rabbit 

Intensity  of  the  local 
inflammatory  reaction 
after  an  intracutanoous 
injection  of 

1  bil.  of 
colirorm 
oacterla 
culture 

0.1  ml.  of 
turpentine 

Liver 

Normal 

Irradiated 

Cytoplasm 

Mitochondria 

Cytoplasm 

Mitochondria 

$h 

1*8 

55 

51 

60 

66 

65 

68 

+> 

+• 

++• 

+  + 

+  +•  •+• 

Not  checked 

Normal 

Cytoplasm 

56 

•fr++ 

57 

-h 

71 

7 b-h + 

Intestin* 

3 

Mitochondria 

59 

++ 

77 

+++- 

Cytoplasm 

61 

■h++  + 

Not 

76 

injected 

Irradiated 

Mitochondria^) 

62 

70 

+++  + 

+  +  1- 
+  ++  +• 

67 

+++  + 

+■ 

Control  3 

rabbits  with  no 

sensitization 

83 

Not  injected 

97 

+ 

-h 

Note:  Designation  of  the  intensity  of  the  reaction  from  the 
diameter  of  the  infiltrate:  infiltration  area  to  3  cm;  ++  infiltration 
area  from  3  to  5  cm.  j  +V-4'  infiltration  area  above  $  cm;  ++++  infiltration 
area  above  5  cm,  presence  of  necrosis  and  hemorrhages. 


1)  Since  this  fraction  of  mitochondria  after  intravenous  injection  causes 
death  by  shock,  rabbit  No  70  received  intraperitoneal  and  rabbit  No  67 
intramuscular  injections. 


in  tissue  fractions  obtained  from  irradiated  animals,  which  is  a  proof  for  the 
presence  of  qualitative  changes  in  cellular  substances  induced  by  radiation. 

The  action  of  microorganisms  is  not  necessary  for  the  development  of  a 
necrotic-hemorrhagic  reaction  on  the  skin,  because  (see  Table  18)  the  in¬ 
jection  of  0.1  ml.  of  turpentine  gives  the  same  effect.  Evidently  the 
formation  of  products  which  result  from  the  disintegration  of  tissue  cells, 
and  which  are  the  «  decisive >>  factors  in  homosensitization,  is  important. 
Thus,  one  may  assume  that  one  of  the  causes  of  hemorrhagic  necrosis  on  the 
site  of  the  injection  of  bacteria  in  irradiated  animals,  evidently  is  the 
‘formation  of  disintegration  products  of  the  tissue  in  the  inflammatory  focus 
in  conjunction  with  the  state  of  autosens it ization  developing  at  this  t  me. 
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Aggravation  of  infectious  processes  in  autosensitized  organisms 
ray  depend  not  only  on  local  development  of  necrosis  and  hemorrhages  con- 
nsel-fM  with  Allergic  reactions  to  tissue  disintegration  products,  hut  also 
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stimulus,  which  also  is  determined  by  the  effect  of  tissue  dis.UitugiMt.u*n 
products,  and  consequently,  connected  with  depression  of  the  immunobiological 
reaction  to  the  spread  of  microbes. 

Local  cutaneous  test  (of  the  type  of  Pirke  reaction)  is  one  of  the 
methods  used  for  development  of  sensitization  of  an  organism  to  some  allergen; 
therefore,  one  could  try  to  develop  a  state  of  allergy  to  the  substances  of 
different  tissues  in  irradiated  animals  by  means  of  intracutaneous  tests.  For 
this  purpose  the  suggestions  of  a  series  of  authors  (66,  323,  216)  with 
rospect  to  achievement  of  more  clearcut  results  in  local  allergic  reactions 
after  the  injection  of  allergen  in  special  zones  of  the  organism  /"eyes, 
upper  lip  (labial  reaction)  and  testes  7  must  be  taken  into  account.  Actually, 
tho  injection  of  a  20%  suspensions  of  fresh  homologous  tissues  in  the  skin 
of  the  lateral  side  surface  of  tho  body  or  extremities  of  irradiated  animals 
failed  to  give  us  an  opportunity  to  observe  local  allergic  reaction,  and  onty 
the  use  of  the  zones  indicated  namely  skin  of  the  upper  lip,  permitted 
observation  of  a  clearly  expressed  necrotic-homorrhagic  reaction  with  edema; 
these  were  local  injections  of  suspensions  of  tissues  in  experiments  on 
irradiated  mice  and  guinea  pigs,  carried  out  by  N.  N.  Klemparskaya  in  co¬ 
operation  with  N.  A.  Kraevskii  and  V.  V.  Shikhodyrov.  A  similar  labial 
reaction  appears  in  mice  only  on’  the  3rd  day,  and  in  guinea  pigs  on  the  7th 
day  following  exposure  to  lethal  doses  of  X-rays.  Of  four  kinds  of  allergens 
checked— extracts  of  homologous  tissues,  suspensions  of  bacteria,  sterile 
milk  and  horse  serum — positive  reactions  were  obtained  only  to  the  injection 
of  the  extract  of  small  intestines  of  irradiated  (rarely  of  healthy)  mice. 

A  positive  test  could  be  seen  within  l8-2ii  hours  from  the  development 
of  edema  which  covered  not  only  the  region  of  the  lip  on  the  injection  side, 
but  spread  to  the  neck  and  head,  and  also  from  the  appearance  of  hemorrhage. 
Microscopic  preparations  shewed  edema,  necrosis,  hemorrhages  and  absence  of 
any  cellular  infiltration,  i.e.  a  reaction  of  the  hyperergic  type. 

Such  a  positive  labial  test  can  be  achieved  by  the  injection  of  ex¬ 
tracts  of  homologous  tissues  only  at  a  definite  period  of  radiation  sickness, 
indicated  above.  The  hyperergic  reaction  fails  to  appear  in  mice  if  this 
substance  is  injected  within  the  first  two  days,  2h  hours  or  later  following 
irradiation  (dose  of  600  r)  (evaluation  was  made  by  visual  examination  and 
analysis  of  microscopical  preparations)  These  data  indicate,  that  the  state 
of  incT*oased  sensitivity  to  the  substances  of  homologous  tissues  requires  a 
definite  time  for  its  development,  whose  duration,  in  the  examples  provided, 
agreed  with  the  latent  period.  Simultaneously  with  the  examination  of  the 
irradiated  animals,  the  same  substances  were  always  injected  into  healthy  mice 
and  guinea  pigs.  External  examination  did  not  show  any  local  reaction.  Focal 
cellular  infiltration  was  observed  in  histological  preparations. 


Positive  labial  tests  could  be  achieved  by  other  means  than  the 
injection  of  prepared  extracts  of  homologous  tissues  of  irradiated  animals. 

If  the  formation  of  disintegration  products  of  cells  can  be  caused  by 
changing  the  osmotic  pressure,  for  instance  by  injection  of  distilled  water, 
then  at  a  definite  period  of  radiation  sickness,  hemorrhage  and  necrosis 
appear  in  irradiated  animals.  Positive  cutaneous  hemorrhagic  reactions 
after  the  labial  injection  of  distilled  water  in  micq  irradiated  with  a  dose 
of  600  r  (injection  done  on  the  3rd  day)  were  obtained  by  N.  N.  Klemparskaya, 
ii.  A.  Kraevskii  and  V,  V.  Shikhodyrov;  the  same  were  obtained  in  experiments 
/  with  dogs  subjected  to  an  identical  treatment  (intracutaneous  injections  in 

l  the  belly  beginning  with  the  10th  day  after  irradiation)  by  M.  N.  Klemparskaya 
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and  N.  V.  Raeva.  A  simultaneous  injection  of  physiologic  saline  solution  in 
those  animals  did  not  cause  any  local  reactions.  In  the  experiments  with 
dogs  it  was  found,  that  the  capacity  to  react  to  intracutaneou3  injections 
of  distilled  water  by  the  formation  of  hemorrhage  is  preserved  in  surviving 
animals  over  several  months.  It  is  well  known,  that  if  a  certain  reaction 
to  some  antigen— alergen  develops  in  the  organism,  then  the  perception  of 
other  antiganic  (allergenic)  stimulations  decreases  significantly  (233)*  Such 
an  unresponsiveness  in  sensitized  animals  with  respect  to  diphtheria  anatoxin 
was  established  by  P.  F.  Zdrodovskii  (1*8)  and  confirmed  later  by  I.  E.  Alatyrtseva 
and  S.  A.  Usmanova  (1*),  who  in  addition  to  this  reported  that  sensitized  rats 
acquire  greater  sensitivity  to  diphtheria  toxin. 

A.  A.  Klimontova  (82)  has  established  a  significant  decrease  in  the 
production  of  typhus  agglutinins  under  the  conditions  of  vaccination  and 
revaccination  after  a  primary  sensitization  by  horse -serum. 

Depression  of  the  reaction  to  the  immunizing  stimulus  which  develops 
after  the  appearance  of  autoallergy,  is  probably  one  of  the  factors  explaining 
the  severity  of  the  course  of  infectious  diseases  in  sensitized  organisms,  in 
which  the  defensive  mecnanisms  are  not  satisfactorily  mobilized.  The  unre¬ 
sponsiveness  of  a  sensitized  organism  may  be  displayed  to  the  perception  not 
only  of  antigenic,  but,  evidently,  also  of  allergenic  stimulati.  Of  course, 
there  are  not  sufficient  experimental  data  in  this  field  at  present.  It  is 
necessary  to  clarify  the  effect  exerted  by  the  development  of  the  sensitization 
process  on  the  perception  of  repeated  allergenic  stimuli  That  such  an 

effect  exists  can  be  judged  by  the  data  presented  in  this  monograph,  which 
show  that  the  capacity  for  immunogenesis  andaLlergic  reactions  after  irradi¬ 
ation  decreases  substantially. 

It  may  be  assumed,  that  the  autosensitization  which  develops  due  to 
irradiation  is  the  cause,  which  makes  the  organism  refractory  to  the  percep¬ 
tion  of  other  antigenic  stimulations.  It  is  not  our  task  to  review  the 
literature  concerning  the  depression  of  immunogenesis  after  irradiation.  A 
series  of  articles  may  be  recommended  to  those  who  wish  to  become  familiar  with 
this  problem  (I.  A,  Pigalev  (129),  V.  L.  Troitskii,  0.  V.  Chakhava  and  N.  A. 
Kozlova  (159),  W.  H.  Taliaferro  and  L.  G.  Taliaferro  (312)  and  others). 

It  should  be  noted  only  that  the  significant  decrease  in  immuno¬ 
genesis  in  immunization  after  irradiation  not  only  contradicts,  as  Cronkite 
(207)  thinks,  the  hypothesis  of  autosensitization,  but  proves  to  be  one  of 
the  convincing  confirmations  (on  the  basis  of  data  presented  above,  on  the 
depression  of  immunogenesis  in  any  sensitization  process). 

There  are  many  less  data  concerning  the  course  of  allergic 
reactions  in  irradiated  organisms,  than  on  the  change  in  immunogenesis.  All 
of  them  indicate  a  depression  of  allergic  reactivity  during  this  response. 

Thus,  for  instance,  Becker  (187)  and  later  V,  F.  Sosova  (l5l)  recorded  a 
depression  of  the  Schwartzman  phenomenon  in  experiments  on  irradiated 
animals.  V.  F.  Sosova  reports  in  her  work  that  there  are  several  phases  in 
the  development  of  Schwartzman' s  phenomenon  after  exposure  to  a  dose  of 
1100  ri  first,  during  the  first  25  hours,  an  intravenous  injection  6f  filtrate 
of  bacterial  culture  produces  a  severe  general  reaction  followed  by  death  of 
the  rabbits.  After  1*8  hours  following  exposure  to  a  dose  of  1100  r,  the 
phenomenon  is  expressed  as  usual  (the  reactivity  of  the  organism  has  not  yet 
changed),  but  on  the  3rd-5th  day  after  irradiation  it  is  completely  depressed 
and  the  organism  becomes  unresponsive  to  the  injection  of  killed  bacteria  and 
some  chemical  substances.  Consequently,  the  depression  of  the  Schwartzman 
phenomenon  coincides  with  the  time  of  appearance  of  tissue  antibodies  and 
with  the  change  in  sensitivity  of  the  organism  to  the  injection  of  extracts 
of  homologous  tissues  and  large  quantities  of  living  microbes  (hyperergic 
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reaction).  The3e  data  agree  well  with  the  concept  that  the  development  of 
the  autosensitization  process  (after  irradiation  with  lethal  doses  beginning 
with  the  3rd  day  after  irradiation)  decreases  the  capacity  of  the  organism 
to  react  to  other  stimulants.  It  is  generally  known,  that  ary  process  of 
sensitization  changes  the  function  of  the  nervous  system,  causing  the  de¬ 
velopment  of  an  inhibiting  process  in  its  centers  (which  occurs  also  in 
radiation  sickness). 

.  A  decrease  in  allorgic  reactivity  in  irradiated  animals  is  dis¬ 
played  in  different  phenomena  of  the  allergic  state. 

In  1913  Heinrich  (2ljl)  showed  a  decrease  in  the  intensity  of 
anaphylactic  reactions  in  irradiated  guinea  pigs.  This  was  confirmed  by 
Capolli  (198)  uho  showed  additionally,  that  in  vitro  irradiation  of  the  serum 
of  sensitized  animals  decreases  its  allergenic  activity.  V.  A.  Samtsov  and 
A.  A.  Gorodetskii  (138),  and  later  Yu.  N.  Sokolov  (lii7)  described  the  de¬ 
pression  of  the  Art-hus  phenomenon  in  irradiated  rabbits,  Liebersohn  and 
Shimanko  (quoted  from  Yu.  N.  Sokolov),  and  also  Lernox  (252)  have  described 
the  decrease  in  intensity  of  the  manifestation  of  cutaneous  tests  by  tuber¬ 
culin.  The  data  relative  to  the  effect  of  radiation  on  the  occurrence  of 
anaphylactic  reactions  in  sensitization  before  irradiation  are  contradictoiy. 

.  Z.  I.  Poluboyar inova  has  observed  a  depression  of  the  shock 
reaction  in  guinea  pigs  sensitized  before  injection  of  radioactive  substances 
(radon,  radiothorium)  over  a  period  from  the  3rd  to  the  7th  day  after  treat¬ 
ment,  with  restoration  of  allergic  reactivity  on  the  lUth  day. 

However,  Stoner  and  Hale  (308)  reported  an  increase  in  an¬ 
aphylactic  shock  reactions  in  mice  sensitized  by  ^  -rays  before  ir¬ 
radiation,  especially  over  the  period  from  the  2nd-7th  day  of  radiation 
sickness.  Probably  this  discrepancy  is  connected  with  a  difference  in  ex¬ 
perimental  conditions  and  in  the  character  of  the  radiations. 

Evidently,  many  problems  of  allergic  reactivity  of  the  organism 
under  the  effect  of  ionizing  radiation  require  further  study.  There  is  a 
little  information  on  the  development  of  infectious  allergies  under  these 
conditions. 

It  is  known,  that  a  series  of  allergic  reactions  found  a  vast  use 
in  diagnostics  of  infectious  diseases  (reactions  of  Pirke,  Birne,  maleic 
test,  reaction  to  tularin  and  so  on)* 

The  only  publications  which  we  know  of  at  present  (lli7,  252)  in¬ 
dicate -a  great  change  in  the  manifestations  of  allergic  reactivity  of  an 
irradiated  organism  to  bacterial  allergens. 

A  detailed  investigation  of  the  ohange  in  reaction  of  an  irradiated 
organism  to  the  injection  of  allergens  (tuberculosis,  brucellosis  and 
tularemia  bacteria),  where  sensitization  of  animals  was  accomplished  by  in¬ 
jection  of  living  vaccines  3  days  and  2  weeks  before,  and  within  1,  3  and 
7  days  after  Irradiation  wore  carried  out  by  0.  M.  L1 Vitsyna  in  our  laboratory. 
The  experiments  were  350  guined  pigs  and  10  rabbits;  the  guinea  pigs  were 
exposed  to  doses  of  100,  200  and  500  r  of  X-rays  or  by  injecting  each  with 
0.03  mC  of  polonium.  The  rabbits  were  exposed  to  800  r. 

Irradiated  rabbits  sensitized  both  before  and  after  treatment  reacted 
to  the  injection  of  tuberculin  in  a  manner  identical  to  that  of  the  control 
animals,  when  they  were  examined  on  the  3rd  day  of  radiation  sickness.  How- 
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ovor,  in  a  test  (Kantoux  reaction)  on  the  7th  day  after  irradiation  always 
tr avo  a  more  pronounced  inflammatory  reaction  than  io  nonirradiated  animals 
sensitized  by  .riCG  vaccina.  This  amplification  of  the  allergic  reactivity 
of  the  guinci  ,  xgs  increased  with  increasing  radiation  dose*. 

At  first  wo  were  astonished  by  these  data  with  respect  to  depression 
of  allergic  reactions  to  heterologous  protoin  in  irradiated  animals,  which 
did  not  at  first  agree  the  data  presented  in  the  literature  above,  astonished 
us.  A  detailed  investigation  of  the  discrepancy  indicated  the  important  role 
of  species  and  the  value  of  nonspecific  responsiveness  of  the  tissues  of 
irradiated  guinea  pigs  even  to  such  an  insignificant  traUna,  as  that  produced 
by  allergen  during  its  contact  with  the  tissues  of  a  sensitized  organism. 

Tho  previously  described  strengthening  of  allergic  reactivity  in 
irradiated  guinea  pigs,  a3  indicated  by  many  confirmatory  experiments,  was 
actually  nonspecific  and  was  observed  in  pigs  at  this  period  after  injection 
of  a  series  of  other  allergens  (for  instance,  brucellin)  and  even  such  sub¬ 
stances,  as  distilled  water  (which  causes  local  formation  of  disintegration 
products  of  tissues)  and  meat-infusion  broth.  This  nonspecific  inflammatory 
reaction  to  the  injection  of  allergens  has  great  practical  significance, 
bocauso  it  is  obvious,  that  such  widely  used  allergic  reactions  as  Pirko, 

Burne  and  the  like,  cannot  have  diagnostic  value  for  irradiated  organisms. 


It  is  of  interest,  that  during  an  interna]— not  external— ir¬ 
radiation  G.  M.  L' vitsyna  has  observed  not  amplification,  but,  on  the 
contrary,  depression  of  the  allergic  reactivity  to  bacterial  allergens  and 
absence  of  nonspecific  reactions.  This  difference  in  the  effect  of  a 
single  external  irradiation  and  prolonged  continuous  effect  of  the  in¬ 
corporated  substances  can  be  explained,  for  instance,  by  difference  in  the 
duration  of  irradiations  of  both  kinds.  In  fact,  after  repeated  external 
irradiation  ($0  r  daily  to  a  total  dose  of  500  r)  not  amplification  but  de¬ 
pression  of  allergic  reactions  to  tuberculin  in  sensitized  guinea  pigs  was 
observed.  It  was  found  that,  besides  this,  species  is  of  great  significance; 
a  single  external  irradiation  of  rabbits  leads  to  a  complete  depression  of 
allergic  reaction  to  tuberculin  (in  animals  sensitized  with  3GG  vaccine  be- 
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nyna  concerning  the  appearance  of  positive  reactions  to  allergens  of  tuber- 
culcsi%  brucellosis  and  tularemia  bacteria  in  animals  that  received  injections 
of  heterologous  and  homologous  liver  and  intestinal  tissue,  and  in  guinea 
pigs  with  cutaneous  inflammatory  loci  which  appeared  after  injection  of 
coliT?orm  bacteria  are  very  interesting.  Evidently,  the  diverse  processes 
which  lead  to  disintegration  of  cells  and  absorption  of  tissue  products, 
can  change  the  course  of  allergic  tests  with  bacterial  allergens  and  lead 
to  the  appearance  of  nonspecific  reactions.  These  data  require  intent 
attention  in  order  to  evaluate  properly  the  data  of  allergic  tests  in  or¬ 
ganisms  that  have  had  contact  with  ionizing  radiation. 


A  question  arises;  to  what  degree  are  these  changes  in  allergic 
reactivity  specific  for  the  effect  of  ionizing  radiation? 


It  is  known,  that  the  depression  of  the  allergic  reactivity  has 
not  bean  observed  only  after  irradiation.  It  has  been  observed  also  after 
the  injection  of  cortisone  (272)  on  a  model  of  anaphylactic  shock  and  the 
Schwartzman  phenomenon  (287,  291),  in  pregnancy  (85)  and  in  the  development 
of  avitaminoses  (65). 

Unrosponsiveness  to  tuberculin  after  injection  of  yperite  prepar¬ 
ation  has  been  established  in  rabbits  injected  with  BGG  vaccine  (20U).  These 
data  allow  one  to  conclude,  that  tho  development  of  pathologic  processes  af- 
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ter  radiation  treatment  are  based  on  phenomena  common  to  other  conditions  of 
the  organism  connected  with  a  change  in  its  reactivity,  differing  ir.  its 
intensity  and  rate  of  development  due  to  the  peculiarities  of  the  appearance 
of  radiation  injuries. 

The  theory  on  the  leading  role  of  autoallergy  in  the  pathogenesis 
of  radiation  sickness  could  also  serve  for  investigation  of  the  effect  of 
various  methods  used  for  prophylaxis  and  therapy  of  radiation  sickness,  be¬ 
cause  many  methods  used  for  this  purpose  prove  to  be  capable  of  affecting 
allergic  processes.  Thus,  for  instance,  some  of  them  can  prevent  the  body's 
perception  of  allergenic  stimuli,  others  depress  the  development' of  the  pro¬ 
cess  of  sensitization  which  already  had  begun  and  so  on. 

From  this  point  of  view,  in  our  opinion,  effective  therapeutic  and 
prophylactic  means  can  be  separated  into  three  large  groups  according  to  their 
effect  on  the  procoss  of  autosensitizaticn. 

All  prophylactic  methods  whose  use  is  effective  only  if  they  are 
injected  several  hours  or  minutes  before  irradiation  may  be  attributed  to 
the  first  group. 

Substances  rather  different  ir.  their  chemical  composition  (for 
instance,  sulphur-containing  organic  and  inorganic  preparations,  cyanides  and 
the  like)  refer  to  them.  In  addition  to  their  efficiency  in  prophylactic 
use  in  the  struggle  against  radiation  injuries,  the  presence  of  a  capacity 
to  depress  the  function  of  chemoreceptors  of  vessels,  which,  as  known,  has 
a  great  significance  in  the  perception  of  allergic  and  antigenic  stimulation, 
is  a  common  property  of  all  these  substances  (167,  13,  1U,  1U6) .  Against 
the  background  of  change  in  chemoreception  under  the  effects  of  these 
preparations  before  irradiation,  there  evidently  occurs  a  weakening  of  the 
toxic  and  sensitizing  effect  of  the  disintegration  products  of  tissue  absorbed 
by  the  blood  stream  after  irradiation,  which  results  in  decreased  severity 
of  radiation  sickness.  The  degree  of  correspondence  of  tie  effect  of  pro¬ 
tective  substances  on  chemoreception  to  the  prophylactic  effect  in  radiation 
sickness  is  to  be  studied  in  detail.  If  such  a  correspondence  were  constantly 
present,  then  prophylactic  preparations  could  be  selected  before  they  are 
chec-ked  on  animals  under  the  condition  of  radiation  treatment;  the  evaluation 
of  their  effect  on  chemoreception  could  be  carried  out  in  an  acute  experiment, 
which  is  a  cheaper  and  quicker  method.  Then,  the  effect  of  the  chosen  effective 
substances  on  survival  rate  could  be  tested  in  radiation  sickness. 

The  second  and  third  group  would  Include  agents  which  exert  an 
effect  when  used  at  different  periods  following  external  irradiation  or 
against  the  background  of  a  continuing  internal  effect  of  radioactive  sub¬ 
stances. 

Their  separation  into  two  groups,  in  our  opinion,  is  based  on 
different  modes  of  action  of  these  agents  on  the  process  of  sensitization. 

Injection  of  preparations  of  heterologous  and  homologous  tissue, 
injection  of  antibiotics  and  blood  transfusion  can  be  assigned  to  the  second 
group. 

Each  of  those  effects  separately,  as  known  from  corresponding  lit¬ 
erature  data,  is  capable  of  causing  a  state  of  sensitization  in  the  organism, 
which,  evidently,  as’  a  reaction  to  a  stronger  stimulus,  competitively  de¬ 
presses  the  development  of  autoallergy. 

Effects  which  decrease  the  total  allergic  reactivity  of  an  organism 
can  be  grouped  together  in  the  third  group. 
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Thus,  for  instance,  special  food  regimes,  vitamin  therapy,  anesthetic 
and  narcotic  agents,  anoxia,  decrease  in  environmental  temperature  and  the  like 
(65)  exert  such  effects. 

These  peculiarities  of  agents  of  the  three  groups  mentioned  have 
to  be  taken  into  account  in  the  search  for  new  ways  to  combat  radiation  sick¬ 
ness. 

The  theory  of  the  autoallergic  nature  of  radiation  sickness  can 
provide  data  for  the  basic  questions  which  are  the  criteria,  as  3.  N.  Tarusov 
£156)  indicates,  of  the  accuracy  of  the  theory  of  pathogenesis  of  radiation 
injuries;  this  theory  may  explain,  why  a  comparatively  small  energy  effect 
induces  severe  pathologic  processes  and  why  there  is  a  latent  period  after 
which  the  development  of  the  sickness  develops  progressively. 

Thus,  the  importance  of  autoallergy  process  in  the  development  of 
radiation  sickness  is  confirmed  by  many  facts:  the  presence  of  clinical 
features  characteristic  of  allergic  sicknesses,  the  efficacy  of  desensitizing 
therapy,  peculiarities  of  the  change  in  immunobiological  reactivity  of  the 
irradiated  organism  ^changes  in  other  allergic  states  are  analogous),  changes 
in  antigenic  properties  of  tissue  proteins;  and  experiments  on  homosensitization, 
which  resulted  in  some  pathologic  manifestations  characteristic  of  radiation 
sickness,  in  nonirradiated  animals  (leukopenia,  loss  of  weight,  fever  followed 
by  hypothermia,  and  appearance  of  hemorrhages  in  internal  organs). 

Studies  of  these  theoretical  problems  on  the  nature  of  th9  basic 
processes  in  the  organism  in  radiation  sickness  has  great  practical  value, 
because  they  indicate  ways  to  search  for  effective  means  to  combat  this 
sickness,  assist  in  understanding  its  causes;  and  detection  of  means  that 
affect  the  depressed  immunobiological  reactivity  of  an  irradiated  organism, 
makes  it  possible  to  evaluate  the  allergic  tests  under  such  conditions  and 
to  use  corresponding  agents  to  fight  the  developing  autoinfection. 

A  detailed  study  of  the  peculiarities  of  the  allergic  reactivity 
of  an  irradiated  organism  requires  further  investigations  in  order  to  solve 
a  series  of  theoretical  and  practical  problems.  Even  the  data  obtained  in 
this  direction  indicate  the  groat  significance  of  this  section  of  radio- 
biology. 

The  investigation  of  the  nature  of  the  autoallergic  processes 
will  provide  a  p  ossibility  not  only  of  affecting  the  response  of  the  or¬ 
ganism  to  various  allergens,  but  also  of  affecting  the  basic  cause  of  ra¬ 
diation  sickness  in  order  to  prevent  it  and  to  cure. 


Chapter  $ 


Infectious  Diseases  in  Radiation  Sickness. 


The  data  presented  in  the  preceding  chapters  indicated  changes 
in  immunity  which  appear  after  the  treatment  of  the  organism  with  ionizing 
radiation.  Due  to  this,  the  interaction  with  the  normal  microflora  of  the 
body  is  destroyed  and  at  certain  radiation  doses  (median  lethal  and  lethal) 
the  development  of  endogenic  infection  usually  is  observed  in  an  irradiated 
organism.  The  sensitivity  of  irradiated  animals  to  infection  with  microbe- 
commensals  increases  sharply,  and  the  infection  usually  ends  with  the  gen¬ 
eralization  of  the  infection. 

If  after  irradiation  an  endogenic  infection  develops  because  of 
conditionally  pathogenic  commensals  and  if  the  organism  becomes  extremely 
sensitive  to  infection  with  them,  then,  naturally,  it  will  be  more  sensitive 
also  to  infection  with  pathogenic  bacteria— .stimulants  of  infectious  diseases. 

Our  numerous  experiments  and  those  known  from  the  literature  con¬ 
cerning  the  infection  of  irradiated  animals  by  the  agents  of  infectious 
diseases  serve  as  confirmation;  among  the  latter  3.  perfringens,  3.  Breslau, 

3.  tetani,  C.  diphtherial,  Staphylococus  aureus,  hemolytic  streptococcus, 
the  agents  of  leptospirosis,  malaria.  Trypanosoma  infection,  a  series  of 
viruses  and  so  on,  can  be  mentioned.  Let  us  discuss  some  of  them. 

An  increased  sensitivity  of  irradiated  animals  to  the  agent  of  gas 
gangrene  is  revealed  in  experiments  on  rabbits  (V.  S.  Sosova),  guinea  pigs 
and  white  mice  (R.  V.  Petrov). 

Intracutaneous  infection  of  rabbits  with  a  culture  of  B,  perfringens 
which  normally  is  never  followed  by  a  necrotic  reaction  with  gas  formation  ~ 
and  bac'  ereria,  leads  to  the  development  of  such  symptoms  after  infection  of 
animals  on  the  3rd  day  following  X-irradiation  at  a  dos6  of  1100  r.  If  after 
16  hours  after  injection  of  microbes  the  inflammatory  locus  of  control  animals 
represents  a  hyperemic  infiltration  with  dimensions  of  3-5  x  5-6  cm,  then  in 
irradiated  animals,  intense  hemorrhages  ai.^  black  spots  of  necrosis  on  the 
skin  extend  over  several  multiples  of  ter.  centimeters,  covering  the  entire 
belly  and  breast  region,  and,  on  the  site  of  injection,  crepitation  (he.  gas 
formation)  was  reported. 

The  infection  of  a  comminuted  cutaneous-muscular  wound  of  normal 
guinea  pigs  with  0.1  ml  of  3.  nor  fringe  ns  culture  leads  to  ce-th  in  LOrl  of 
ani-als.  However,  if  the  pigs  are  as  a  preliminary  exposed  to  a  dose  of  20C  r, 
then  under  identical  conditions,  death  from  gas  gangrene  has  been  observed 
in  100 %  of  the  cases  (Table  l$r). 
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Table  1? 


Analogous  data  are  obtained  using  ^  -rays  for  irradiation. 

The  mortality  of  white  mice  from  gas  gangrene  after  intramuscular 
injection  of  a  minimal  lethal  dose  of  the  infectious  agent  on  the  5th-7th 
day  after  irradiation  exceeds  by  3-5  times  the  death  rate  of  intact  animals. 


The  increase  in  tho  sensitivity  of  white  mice  to  oral  infection 
with  B.  Breslau  after  2  days  following  treatment  with  y -rays  at  a  dose  of 
367  r  is  illustrated  in  Fig.  2 9  (the  experiments  of  &.  V.  Petrov  and  A.  F. 
Kosov).  From  Fig.  29  it  can  be  seen  that  the  mortality  of  nonirradiated  in¬ 
fected  animals  is  four  tines  lower  than  in  the  control  group.  Analogous 
data  are  obtained  after  infection  of  mice  irradiated  previously  (Table  20). 


At  the  same  time  the  increase  in  sensitivity  to  iiu'ection  with  B.  Breslau 
after  irradiation  does  not  depend  on  the  stage  of  the  initial  susceptibil.it 
of  mice  to  the  given  microoe.  Gowen  and  Zelle  (2,30)  have  revealed  this  in 


their  experiments  on  various  strains  of  mica  with  mouse  typhus;  several 
strains  of  mice  were  characterized  by  high  susceptibility  to  3.  Breslau, 
others  by  low  susceptibility  one.  After  two  weeks  following  1-irradiation 
at  a  dose  of  10 0-600  r  the  sensitivity  to  infection  increased  in  all  animals. 


Experimental  days 

Fig.  29.  Effect  of  irradiation  on  the  mortality  of  white  mice  from  in-ection 
with  Breslau  regardless  of  strain.  1-iru' acted  control;  2-irradiated  and 
infected;  3-irraoiated  control  of  the  irraaiation. 
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Table  20 


Results  of  enteric  infection  of  irradiated  and  control  white  mice  with 
B.  Breslan  culture  after  two  days  following  irradiation  (experiments  of 
_ A.  F«  Kosov).  _ 


Group  of 
mice 

Number 

of 

mica 

Dose  of 
X-raya 
in  r 

Dose  of 
microbe 
culture 
in  mi' . 

Number  of 
nonsurviving 
mice  over 

30  day  period 

Death 
rate  in  % 

Infected 

control 

39 

3-6 

8 

20.0 

Irradiated 
and  in¬ 
fected 

20 

300 

3-6 

18 

61.0 

Irradiated 

control 

28 

300 

1  i 

1 

3.5 

In  this  relation  the  tests  with  experimental  leptospirosis  are 
very  significant  (R.  V.  Petrov). 

It  is  known  that  mature  guinea  pigs  and  especially  white  mice 
are  extremely  resistant  to  inspection  with  leptospires.  In  our  experi¬ 
ments,  in  which  parenteral  injection  of  the  leptospire  culture  «  Rat  Ram- 
enka  »  was  carried  out  in  mature  rabbits  and  white  mice,  there  was  not 

even  one  case  of  death  in  nonirradiated  animals  (8  rabbits  and  60  mice). 

At  the  same  time  nine  out  of  ten  rabbits  infected  after  irradiation  died, 
and  26  out  of  60  mice  died  in  irradiated  control  groups,  (Table  21). 


We  failed  to  observe  death  in  normal  white  mice  using  L. 
icterohaemorrhaglae^ '  (see  Table  21)  for  infection;  guinea  pigs  died  in 
30£  of  the  cases,  and  two  out  of  three  infected  young  rabbits  also  died. 

An  infection  of  irradiated  animals  analogous  in  every  way  always  led  to 
ceath  from  leptospirosis  in  all  mice,  guinea  pigs  and  young  rabbits. 

These  experiments  will  be  described  below  in  detail.  It  must  be  pointed 
out  here  that  diagnosis  of  death  from  leptospirosis  is  based  not  only  on 
the  fact  that  the  death  rate  was  extremely  low  in  the  animal  groups  sub¬ 
jected  to  a  single  radiation  treatment,  but  also  on  the  bacteriological 
and  pathologic -anatomical  examination  of  animal  cadavers.  The  bacteriological 
investigations  (culture  and  microscopy)  of  kidneys  and  blood)  showed  the 
presence  of  leptospirosis  in  tissues.  Pathologic -anatomy  and  histological 
investigations,  carried  out  by  V.  V.  Shikhodyrov,  showed  the  presence  of 
morphological  charges  characteristic  of  leptospirosis. 


1)  The  strain  of  leptospires  «  Rat  Ramenka  »  was  obtained  from  prof. 

A.  A.  Varfolomayeva  in  Mechnikov's  Insititue,  for  which  we  express  our 
profound  gratitude  to  her.  In  its  antigenic  properties  this  strain  is  very 
close  to  L.  cur.icola  and  it  is  pathogenic  for  guinea  pigs. 

Wo  consider  it  our  pleasant  duty  to  express  our  gratitude  to  prof, 
a.  Ya.  Liuhashonko  for  the  gift  of  the  strain  of  L,  icterohaumorrhagiae 
.  0  5>u2.  This  strain  serologically  is  identical  to  the  Weil  strain  and 
it  is  pathogenic  for  puppies,  guinea  pigs  and  young  rabbits. 
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Table  ?1 


Results  of  infection  of  irradiated  and'control  animals  with  the  agent  of 

leptospirosis  _ _ 


Species 

of 

animals 

Group  of 
animals 

Number 

of 

animals 

Doso 

of 

X-rays 
in  r 

Number  of 
hours  be¬ 
tween  ir¬ 
radiation 
and  in¬ 
fection 

Strain 

of 

lepto¬ 

spires 

Number 

of 

nonsur¬ 

viving 

animals 

Number  of 
days  be¬ 
tween  ir¬ 
radiation 
and  death 

Rabbits 

Infected 

controls 

8 

MM 

MM 

K1 

0 

MM 

Irradiated 

and  in- 

f octod 

l 

600 

2-3 

K 

3 

8-13 

2 

600 

18 

K 

2 

9 

l 

5oo 

21 

K 

l 

10-13 

Irradiated 

controls 

5 

600 

M. 

MM 

1 

9 

l 

500 

MM 

— 

1 

28 

White 

Infected 

mice 

controls 

60 

MM 

MM 

h* 

0 

M. 

10 

MM 

MM 

1 2 

0 

MM 

Irradiated 

and  in- 

fected 

10 

350 

2-3 

K 

9 

1-30 

20 

100 

2-3 

X 

17 

3-26 

10 

1;00 

96 

I 

10 

6-30 

Irradiated 

controls 

20 

350 

MM 

MM 

2 

6-11 

30 

loo 

MM 

M. 

13 

3-29 

Guinea 

Infected 

pigs 

controls 

10 

MM 

MM 

I 

3 

19-60 

Irradiated 

and  in- 

fected 

lu 

200 

2-3 

I 

10 

9-10 

Irradiated 

controls 

10 

200 

— 

— 

3 

12-15 

1)  «  Rat  Ramenka  strain  of  leptospires. 

2)  L.  icterohaemorrhagxae  leptospires. 


All  these  experiments  as  well  as  experiments  with  the  agents  of 
tetanus  (E.  V.  Petrov  (121))  and  diphtheria  (0.  G.  Alekseyeva  (5)),  which 
verify  an  increased  sensitivity  of  irradiated  animals  to  infection  with 
the  agents  of  infectious  diseases  pathogenic  for  them,  agree  with  the 
literature  data  entirely,  although  other  authors  in  their  papers  fail  to 
describe  experiments  in  which  th.  irradiated  animals  were  infected  with 
the  agents  of  leptospirosis,  gas  gangrene,  diphtheria,  tetanus,  all  pub¬ 
lications  indicate  the  mechanism  described.  It  is  displayed  in  the  in¬ 
fection  of  guinea  pigs  with  the  agent  of  tuberculosis  (269),  white  mice 
with  pneumococci  and  streptocooci  (205,  291),  white  rats  with  the  agents 
of  trypanosoma  infection  (271),  chickens  and  white  mice  with  the  plasm- 
odium  of  malaria  (311,  300)  and  so  on. 

The  experiments  of  Shechmei.-ter  and  Adler  (296)  are  of  special 
interest.  They  showed  increased  sensitivity  of  irr&aiated  white  mice  not 
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only  to  induced  infection  with  the  bacteria  of  pseudotuberculosis,  but  also 
to  natural  infection  of  uninfected  animals  by  infected  ones  that  were 
placed  in  contact  with  them.  After  the  infected  animals  had  been  kept  to- 
gothor  with  the  nonirradiated  ones,  no  ceath  was  observed  among  the  latter 
over  the  course  of  three  weeks.  Under  the  same  conditions  pseudotuberculosis 
caused  death  to  22%  of  animals  that  were  exposed  to  200  r,  and  to  U*-70$  of 
animals  irradiated  with  350  r.  Pssudotuberculosis  was  diagnozed  on  the  basis 
of  clinical,  bacteriological  and  serological  methods. 


Experiments  on  infection  of  irradiated  animals  with  pathogenio 
viruses  must  be  discussed  separately.  As  is  known,  in  order  to  be  repro¬ 
duced  the  virus  must  be  included  in  metabolism  of  the  cell  (137,  1$U,  53), 
which  is  strongly  damaged  after  irradiation  (181,  93,  58).  But  can  a 
change  in  meta^olisirf  delay  the  reproduction  of  a  virus  and,  due  to  this 
fact,  decrease  the  susceptibility  of  an  irradiated  organism  to  virus  in¬ 
fections?  A  series  of  investigations  gives  a  negative  answer  to  this 
question. 


Back  in  1939  Clemmesen  1202)  declared  that  intracutaneous  in¬ 
fection  of  irradiated  rabbits  (3Q0-700  r)  with  the  soft  fibroma  virus  leads 
to  development  of  a  tumor  which  is  larger  than  in  control  animals,  and  to 
a  more  prolonged  its  manifestation  in  the  organism. 

Much  higher  morbidity  and  mortality  in  irradiated  (350  r)  mice  in 
comparison  with  the  controls  after  infection  with  ectromelia  following 
contact  with  sick  animals  were  observed  by  us  (S.  V.  Petrov). 

Beutler  and  Gezon  (191);  A.  A.  Smorodintsev  (Uu5),  V.  N.  Sivertseva 
(llil),  0.  P.  Peterson  and  others  (121)  showed  decreased  resistance  of  ir¬ 
radiated  white  mice  and -rats  to  influenza  virus. 

Sensitivity  to  infection  with  rickettsia  also  increases  after 
radiation  treatment  (319,  225). 

Thus,  ionizing  radiation  increases  the  sensitivity  of  the  organism 
to  infection  with  agents  of  infectious  diseases. 

How  soon  does  this  state  appear  after  irradiations  immediately  or 
after  some  time? 

Different  investigators  indicate  different  answers  to  this  question 
depending  mainly  on  the  character  of  the  infectious  process  used  in  the  ex¬ 
periments. 


It  was  shown  in  preceding  chapters  that  the  state  of  natural 
immunological  r eactivity  of  the  organism  after  treatment  with  ionizing 
radiation  does  not  change  immediately.  Despite  the  fact  that  increased 
permeability  of  tissues  (68,  70)  and  regional  decrease  in  bactericidal 
activity  of  skin  (’.'.  N.  Klemparskaya  (3c))  nave  been  observed  on  the  first 
any,  general  resistance  to  the  infectious  agent  still  persists  at  this 
time. 


Tr.ere  are  no  cas-.s  of  bacteremia  among  irradiated  animals  till  the 
third  day,  'cut  the  inflammatory  reactions  during  the  first  and  second  day 
after  irradiation  proceed  ir.  a  manner  identical  to  those  of  control  animals. 

Evicor.tly,  almost  complete  compensation  of  the  developing  damages 
to  immunity  factors  occurs  during  the  first  two  days,  and  only  after  this 
time  further  depression  and  aocompe.-isation  begins.  By  the  third  day  buct- 
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eremia  develops,  and  the  inflammatory  reactions  are  characterized  by  the 
predominance  of  homorrhagic  and  necrotic  components  with  a  sharp  depression 
of  proliferation. 

Basod  on  these  facts  one. may  imagine  that  the  sensitivity  of 
animals  to  infection  with  pathogenic  microbes  will  not  change  during  the 
first  day  after  irradiation,  if  the  infection  process  is  stopped  on  the 
lst-2nd  day,  i.e.  before  the  period  of  «  breakdown  >}  of  immunity.  Ex- 
periraents  show  the  accuracy  of  this  assumption. 

After  intramuscular  infection  of  intact  white  mica  with  sublethal 
doses  of  the  agent  of  gas  gangrene  mixed  with  calcium  chloride,  part  of 
the  animals  died  within  1-2  days;  the  animals  surviving  this  period  lived, 
but  their  infection  loci  became  demarcated  and  dii  not  progress.  In  con¬ 
sequence,  from  our  viewpoint,  the  sensitivity  of  the  mice  to  infection  with 
the  agent  of  gas  gangrene  on  the  first  day  following  irradiation  is  unchanged. 

Fig.  30  shows  experimental  results  (R.  V.  Petrov  (121;))  on  clari** 
fication  of  the  period  of  increased  sensitivity  of  irradiated  white  mice  to 
infection  with  3,  perfringens  No  243.  Six  hundred  animals  were  irradiated 
with  Co^O  y' -rays  at  a  dose  of  439  r;  such  an  irradiation  causes  death  to 
3-W  of  mice.  On  the  day  of  irradiation  and  then  after  2,  4  and  so  on 
till  the  20th  day  following,  5 0  experimental  animals  at  a  time  were  sub¬ 
jected  to  infection.  At  the  same  time  a  group  of  nonirradiated  mice  was  in¬ 
fected,  of  which  10-20*  died. 


Experimental  days 


irradiated  mice 
control  mice 


Fig.  30.  Mortality  of  white  mice  from  gas  gangrene  after  infection  at 
different  times  following  irradiation. 


The  percentage  mortality  of  irradiated  mice  was  different  dopendirg 
on  tr.e  time  which  passed  between  irradiation  and  infection.  If  the  infect¬ 
ion  -..a  carried  out  on  the  any  of  irra  ii-tion,  the  mortality  rate  of  irradiated 
ar.ir-.ls  was  within  the  limits  of  tho  moan  percentage  of  deaths  of  the  controls 
(the  ..crizont*!  line  on  Fig.  30).  An  ir-crease  in  mortality  due  to  infection 
was  c-sorvod  on  tho  3rc-to  the  13th  experimental  day;  its  maxima  was  on  the 
5th  o-y  following  irradiation. 
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An  increased  sensitivity  to  B.  perfringens  failed  to  show  in  ex¬ 
periments  on  guinea  pigs  on  the  first  Kay  following  injection  by  the  method 
described. 


Experiments  with  intraperitoneal  infection  of  white  mice  with 
Staphylococcus  aureus  are  analogous  in  the  respects  indicated.  In  this  case 
the  result "of  interaction  between  macro-aand  microorganisms  also  is  resolved 
during  the  first  2-3  days.  Animals  that  survive  three  days  after  infection 
survive  in  the  majority  of  cases.  The  infection  of  intact  mice  led  to  death 
of  hS%  of  the  animals  in  our  experiments  (R,  V.  Petrov).  The  irradiated 
animals  died  approximately  in  the  same  percentage  (1*8%),  if  infection  was 
carried  out  on  the  tay  of  exposure  to  1*50  r.  If  the  mice  were  infected  within 
four  days  after  radiation  treatment,  96%  died  (Table  22). 


Table  22 


Results  of  intraperitoneal  infection  of  white  mice  by  Staphylococcus  aureus 

_ _ _ No  209  _ __ _ 


Group  of 

Number 

Irrad. 

Infectior 

Number  of  nonsur- 

Total 

Percent- 

mice 

of 

dose 

dose  in 

viving  animals  on 

number 

age  of 

mice 

in  r. 

fcil.  of 

days  following  in- 

of  non- 

nonsurvivors 

microbes 

feet  ion 

survivors 

within  3 

days  after 

1st 

2nd 

3rd 

infecti6n 

Infected 
controls 
Infected  on 

1*0 

2.5 

5 

11 

2 

18 

1*5 

the  ir¬ 
radiation 
day 

50 

l*5o 

2.5 

1* 

19 

1 

21* 

1*8 

Infected 

after  1* 
day 3  af¬ 
ter  ir- 

radiation 

Irradiation 

5o 

1*50 

2.5 

*1* 

2 

2 

1*8 

96 

controls 

20 

1*50 

— 

0 

2 

3 

5 

25 

l 

If  the  times  of  the  increase  in  sensitivity  to  election  in  the 
experiments  reported  were  established  on  the  oasis  of  mortality  of  animals, 
then  verification  is  found  in  the  paper  of  Clapper  and  co-workers  (200)  by 
the  times  of  appearance  of  generalization  of  the  focal  infectious  process. 
White  mice  wore  exposed  to  350  r  of  X-rays  ana  received  a  subcutaneous  sub- 
lethal  dose  of  pneumococcus  type  III.  By  means  of  cultures  of  bloou  from 
the  tail  the  rate  of  appearance  of  bacteremia  was  determined. 

When  infection  was  carried  out  immediately  after  irradiation,  the 
tOS  0*  .4'j  Vjei.  JT  anno  of  bacteria  in  olood  of  experimental  a  **c  co..u ro-  «*ni,  mala 
■-'jre  iae.'.t.c-..  If  the  i*ifection  was  carried  out  within  throe  days  after 
•.•-uiutior.  tr-jutmont,  then  tx*ctur«iRi«  in  the  experimental  group  aevaloped 

j  JO^r  ilwTy  CO»Ci  p  *Cs*0%%5  • 

In  the  experiments  of  V.  Coso/a  (see  Chapter  1)  a  model  of  the 

focal  infectious  process  w„s  prouuoud  by  moans  of  subcutaneous  infection  of 
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rabbits  and  dogs  by  conditionally  pathogenic  bacteria.  Such  a  process  was 
characteristically  stopped  very  rapidly  and  within  21-18  hours  demarcated  by 
a  zone  of  proliferative  inflammation.  Owing  to  this,  in  animals  infected 
within  two  days  following  irradiation,  a  quick  demarcation  of  the  focus 
developed  and  the  course  of  the  latter  did  not  differ  from  the  control. 

However  the  infection  on  the  third  day  led  to  the  development  of  necrotic¬ 
hemorrhagic  inflammation,  progressive  multiplication  of  microbes  in  the  focus 
and  generalization  of  the  infection. 

Thus,  it  is  characteristic  of  rapidly  proceeding  infectious  pro¬ 
cesses,  when  the  result  of  interaction  between  macro-  and  microorganisms  is 
decided  over  the  first  two  days,  that  the  sensitivity  of  animals  to  in¬ 
fection  is  unchanged  on  the  irradiation  day1).  It  increases  and  is  distinct 
from  the  3rd  day,  i.e.  in  infection  during  the  period  of  the  <fbreakdownb> 
of  immunity. 

By  this,  of  course,  we  do  not  predetermine  the  end  result  of 
interaction  between  any  irradiated  animal,  and,  let  us  say,  the  agent  of 
gas  gangrene  after  transfer  to  a  wound  on  the  day  of  radiation  treatment. 

The  experiments  described,  in  luding  also  those  with  the  agent  of  gas  gangrene, 
show  only  a  model  of  a  rapidly  progressing  infectious  process .  which  is 
stopped  before  the  period  of  decompensation  of  immunity.  It  is  natural  that 
the  duration  of  the  infectious  process  caused  by  3.  perfringens  in  different 
species  of  animals,  and  also  with  different  doses  of  the  infectant,  may  be 
different*  Also  the  period  between  the  time  of  irradiation  and  the  damage 
to  immunity  might  differ.  It  also  depends  or.  species  and  on  radiation  dose. 

The  problem  of  sensitivity  to  infection  during  early  periods  after 
radiation  treatment  is  solved  only  in  a  general  form:  if  the  infectious 
process  is  stopped  during  the  period  of  compensation  of  immunity,  i.e.  if 
the  end  result  of  macro-  and  microorganisms  is  decided  bafore  the  d<  break¬ 
down^  period,  then  infection  at  early  times  wi.l  not  display  increased 
sensitivity  of  macroorganisms. 

The  matter  is  different  in  infection  of  irradiated  animals  with 
infectious  agents  which  have  a  prolonged  course  and  cover  the  period  of 
decompensation  of  immunity  even  in  infections  carried  out  simultaneously 
with  irradiation.  For  illustration  of  this  one  nust  turn  to  Tibia  21, 
from  which  it  can  be  seen  that  infection  of  rabbits,  white  mica  and  guinea 
pigs  with  the  agent  of  leptospirosis  not  only  after  2-1  days  following 
radiation  treatment,  but  even  by  2-3  hours  leads  to  a  lethal  course  of 
leptospirosis,  while  either  no  deaths  or  a  low  mortality  ware  observes  in 
control  animals. 

Experiments  on  infection  of  white  mice  with  live  culture  of 
3.  tatar.i  (h.  V.  Petrov  (121))  show  the  same  thing:  irradiated  animals 
die  of  tetanus  earlier  and  in  a  higher  percentage  than  the  controls,  if 
infected  during  the  first  hours  after  exposure  to  ionizing  radiation. 

An  analogous  phenomenon  has  seen  ooserved  in  tests  with  ex¬ 
perimental  malaria  in  irradiated  chickens  (3C0),  with  trypanosoma  infection 
in  white  rats  (271),  with  petrussai  infection  in  mice  (153),  ‘‘•"•a  so  on. 


T7  Tt  'tnoiTu'-o  . .  rendered,  that  all  th.s  is  correct  only  with  rogard^to 
median  lethal  raii*t..jn  cooes.  Sensitivity  to  infection  at  suporietruii 
doses  inertias  much  earlier.  ’>«  have  oosorved  it  with  gaa  gangrene  in 
guinea  pigs  exposed  to  '  00  r  (H.  <»  ictrov). 
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An  imprassion  is  forming  that  the  sensitivity  of  irradiated  animals 
with  respect  to  the  infection  by  agents  of  the  listed  infectious  diseases 
increases  immediately  after  irradiation.  The  reason  for  this,  as  it  appears 
to  us,  is  that  these  infectious  processes  because  of  the  duration  of  their 
courses  cover  the  period  of  « breakdown »  of  immunity.  In  fact,  the  course 
of  experimenta .  malaria  and  trypanosoma  infection  is  measured  by  weeks. 

Death  due  to  leptospir.  _>is  takes  place  on  tne  7th-l$th  day  after  infection 
and  later.  In  our  tetanus  experiments  animals  died  within  6-10  days. 

If  it  is  true  that  the  duration  of  the  infectious  process  de¬ 
termines  the  times  of  increase  in  sensitivity  of  an  irradiated  organism 
to  infection,  then  two  following  mechanisms  should  be  observed. 

First,  sensitivity  to  infection  with  the  same  infectious  agent 
ii.Aidiutoly  after  irradiation  should  oo  different,  if  in  one  case  the  in¬ 
fection  method  leads  to  the  development  of  a  rapidly  progressing  process, 
but  in  tho  other  case  to  the  lingering  process. 

r ncond,  radiation  treatment  must  aggravate  the  long  continuing 
infectious  process  also  in  the  case  in  which  irradiation  of  the  animal  is 
carried  out  after  infection.  The  first  as  w'.ll  as  the  second  phenomena 
actually  take  place. 


Ihe  first  is  shown  in  our  experiments  or.  gas  gangrene  (?..  V.  x  trov). 
V.'o  saw  that  infection  of  white  mice  and  guinea  pigs  with  a  culture  of  tho 
agent  nixed  with  calcium  chloride  led  to  the  development  of  the  acute  process 
wnich  either  caused  death  of  the  animal  or  was  abolished  within  two  days. 

Tho  sensitivity  of  irradiated  and  nomrradiated  animals  to  infection  during 
the  first  day  after  irradiation  is  identical.  If  the  second  infection 
method  is  used— in  the  wound,  which  leads  to  development  of  a  more  prolonged 
process,  then  increased  mortality  of  irradiated  animals  takes  place  even 
after  infection  during  the  first  day  following  irradiation  (see  Table  19 
and  Fig.  30). 


An  analogous  phenomenon  can  be  observed  in  comparing  the  papers  of 
G.  X.  Kiyzhanovskii  and  1*.  I.  Lebedeva  (92)  with  the  data  presented  above. 
These  authors  came  to  a  substantiative  conclusion,  that  irradiation  of  rats 
(100  r)  10-12  minutes  before  the  infection  of  toxin  does  not  aggravate  the 
course  of  tetanus  intoxication.  In  our  experiment  s,  however,  tetanus  was 
more  severe  in  mice  irradiated  immediately  before  infection. 

This  contradiction  may  he  easily  explained  if  one  keeps  in  mind 
that  we  used  the  culture  of  J.  totani  and  the  infection  led  to  an  infectious 
process  of  relatively  long  duration  (6-10  days);  however,  G.  Ji.  Kryzhanovskii 
and  N.  I.  Lebedeva  induced  tetanus  with  a  single  injection  of  toxin  which 
caused  death  of  animals  within  3-33  cays.  However  if  toxin  is  used  in  doses 
that  lead  to  the  development  of  a  prolonged  process,  then  the  experimental 
results  agree  with  ours  (71). 

The  second  mechanism  is  proven  by  experiments  of n any  investigators. 
Tests  with  experimental  malaria  infection  in  chickens  (311)  showod  that  ex¬ 
posure  of  chickens  to  500  r  after  3,  id  and  16  o-.ya  following  infection 

Tne  results  of  the  experiments  of  3.  ...  Safronova  (153)  performed 
cr.  the  .model  of  experimental  petr— sal  infection  also  confirm  the  fact# 
mentioned  above.  Irradiation  of  mice  within  three  days  -ftcr  iifoctic n  led 
to  aggravation  of  the  infectious  process. 
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Irradiation  of  white  nice  with  i-rays  at  a  dose  of  300  r  1  and  12 
days  following  infection  with  B.  Breslau  also  led  to  aggravation  of  the  course 
of  infection,  indicated  by  increased  mortality  of  experimental  animals 
(Table  23)  and  groator  weight  loss. 


Table  23 

infections 

Effect  of  raaiation  on  mortality  rate  of  white  mice  after  entereV  with  o.  3reslau 


Experiments  with  irradiation  at  renote  times  after  infection 
verify  the  activation  of  latent  infection  induced  by  radiation,  the  transition 
of  chronic  forms  tc  acute,  and  the  possibility  of  appearance  of  relapses  of 
infectious  diseases  after  irradiation.  This  problem  is  extremely  interesting 
from  the  theoretical  viewpoint  and  important  from  the  practical  view  point. 

The  answers  cannot  be  identical  for  different  infections  because  of  the 
peculiarities  in  their  pathogenesis  and  in  the  character  of  immunities. 


It  could  be  assumed  a  priori,  that  irradiation  will  not  lead  to 
the  activation  of  such  an  infection,  as  gas  gangrene,  despite  the  presence 
of  living  microbes  in  tissues,  because  it  fails  to  produce  conditions 


necessary  for  the  development  of  gas  gangrene.  These  conditions  consist  of 
the  presence  of  necrotic  tissues,  which  cannot  oe  created  by  irradiation 
alone.  This  assumption  was  entirely  confirmed  by  experiments  carried  out  on 
wnite  rats  (R.  V.  Petrov).  The  animals  received  intramuscular  infections 
•with  sublethal  doses  of  3.  cerfringens.  After  o-5  hours  xollowing  infection, 
the  site  of  injection  developed  edema,  which  covered  the  main  part  of  the 
nip,  and  crepitation 
infection  site  was  d 
apparent  only  as  a  s 
ox  tae  agent  oi  gas  gar. 
with  sublethal  doses  of 


.o  are  appearance  oi  gas. 
touted  and  did  not  s tread. 


However,  within  a  day  the 
After  3-!i  days 


0.0 


vac 


nnolidation,  from  which  in  all  cases  pure  cul*-u.”> 
3rer.a  couid  be  separated.  Irradiation  of  these  rat. 
ionizing  radiation  die  not  exert  a  visible  influence 


on  the  infection  site,  and  the  gas  gangrene  did  not  develop. 


V.'e  also  failed  t.r.  induce  activation  of  latent  leptospirosis  in¬ 
fection  in  white  mice  (R.  V.  Petrov).  The  infection  of  thesr  animals  with 
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the  agent  of  leptospirosis  leads  to  a  short  (3-5  days)  leptospiremia  which 
ceases  after  accumulation  of  specific  agglutinins  and  lysins  in  blood. 

Aftar  the  leptospiremJc  period  leptospires  disappear  from  all  internal 
organs  except  the  kidneys.  Large  numbers  of  antibodies  are  accumulated  in 
blood  (their  titer  is  equal  to  1:100000  and  more). 

After  3-li  weeks  r.o  clinical  symptoms  of  infection  are  displayed; 
the  infectious  agents  can  be  found  only  in  the  kidneys.  Treatment  of  the 
animals  with  X-rays  (iiOO  r)  at  this  period  does  not  cause  intensification 
of  loptospirosis. 

In  this  case  evidently,  there  was  an  infection  which  could  not  be 
activated  after  irradiation  because  of  the  character  of  the  immunity.  It  is 
known  (9,  15),  that  accumulation  of  agglutinins  and  lvsins  in  blood  play  a 
great  role  in  immunity,  while  radiation,  as  we  say  previously  (see  Chapter  3), 
does  not  exert  an  essential  effect  on  the  numberrantibodies  formed  and  circulating. 

However,  the  activating  effect  of  radiation  on  the  latent  infectious 
process  is  manifested  in  experiments  with  a  series  of  other  infections.  Thus, 
for  instance,  irradiation  of  white  mice  that  were  recovering  from  mouse  typhus 
or  that  had  been  carriers  of  the  agent  for  long  periods  led  to  activation  of 
the  infection  process.  The  experiments  were  arranged  in  the  following  way: 

White  mice  were  infected  per  os  with  3,  Breslau  culture  at  a  dose  of  12.5  mil. 
microbe  bodies.  Such  an  infection  caused  death  in  hO%  of  the  animals.  The 
majority  died  within  the  first  two  weeks.  After  a  month  following  infection 
the  surviving  mice  (28  animals)  were  subjected  to  X-irradiation  at  a  dose  of 
3C0  r.  All  mice  died;  in  most  of  the  cases  3.  Breslau  were  cultured  from  the 
internal  organs. 


In  order  to  check  whether,  activation  of  the  latent  infection  actually 
occurs  and  mortality  could  be^  ofesvis'^/ by1  a  decrease  in  resistance  of  the 
convalescent  mice  to  irradiation,  an  experiment  with  infection  of  animals  was 
carried  out;  this  infection  did  not  show  clinical  symptoms.  For  this  purpose 
an  amount  of  B.  3reslau  was  passed  by  cannula  into  the  stomach  which  did  not 
kill  any  mice.  Over  a  course  of  one  month  all  38  animals  were  clinically 
healthy  ana  gained  h-S  g  each.  After  the  mice  were  checked  to  determine 
whether  they  were  carrying  the  agent  (the  culture  was  separated  from  2  out  of 
3),  the  animals  were  exposed  to  X-irradiation  at  300  r.  Nine  out  of  35  mice, 
u.e.  26?,  died  during  16  days.  After  such  an  irradiation  3-5?  of  animals  die 
of  radiaticr.  sickness.  Activation  of  the  disease  as  a  cause  of  death  was 
confirmed  by  the  detection  of  u.  Breslau  in  mesenterial  nodes,  liver  und 
spleen  of  nonsurvivors. 

However,  on  the  basis  of  these  and  similar  experiments  it  is  not 
possible  to  affirm  categorically  that  the  activation  of  an  existing  infection 
always  occurs  after  irradiation.  Such  experiments  do  not  exclude  tho  possibility 
of  infection  of  animals  from  each  other  after  irradiation,  when  the  sensitivity 
to  infection  is  increased,  and  release  of  microbes  takes  place.  Due  to  this 
fact  a  new  or  repeated  sickness,  appearing  as  the  result  of  a  new  infection, 
may  be  considered  as  activation  of  the  infectious  process. 


appearance  of  pseudo  tuberculosis '  under  the  usuai  oo.'.c.tionn,  the  number 
of  deaths  from  this  infection  varied  from  0.5  to  if  witr.in  12  woks.  II  the 
mice  were  exposed  to  X- irradiation  at  a  dose  oi  350  r  or  250  r,  tnen  the 
mortality  from  pseudotuberculosis  increased  to  10-69?  within  lj-10  weeks. 
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To  clarify  whether  activation  of  latent  infection  plays  a  role  in 
this  increase  in  death  rate,  or  whether  the  spreading  of  pseudotuberculosis 
is  due  to  an  increased  susceptibility  in  irradiated  animals  maintained  to¬ 
gether,  a  second  experiment  was  performed  by  Shechmeister  and  Adler:  one 
hundred-and-ten  irradiated  mice  were  separated  into  two  equal  groups;  the 
first  one  was  placed  in  a  common  cage.  Animals  of  the  second  group  were 
placed  after  irradiation  in  glass  jars,  isolated  from  each  other,  two  mice 
in  each.  Thus,  a  postradiation  infection  was  not  possible  in  the  second 
group.  Regardless  of  this,  the  death  rate  during  the  first  three  weeks  was 
identical:  20$  of  mice  died  of  pseudotuberculosis  over  this  time.  With  the 
lith  week  a  difference  in  mortality  between  the  two  groups  was  observed. 

While  it  continued  to  increase  in  the  first  group  and  reached  60$  in  the  8th 
week,  in  the  second  group  there  were  almost  no  deaths  after  the  3rd  week. 

This  difference  may  be  explained  by  spreading  of  pseudotuberculosis  among 
irradiated  animals  of  the  first  group,  which  was  impossible  in  the  second 
group.  Activation  of  the  latent  or«  subclinical>>  form  is  the  only 
reason  for  increasing  mortality  from  the  indicated  infection  in  mice  main¬ 
tained  separately. 

In  connection  with  this,  the  data  of  Schmitt  and  Ihierfelder  (288) 
are  of  interest.  They  have  observed  the  development  of  herpes  zoster  within 
1-73  days  after  cessation  of  roentgenotherapy  in  tumor  and  other  diseases. 

It  is  known  that  the  virus  of  herpes  can  always  be  found  in  the 
latent  state  in  the  human  body  and  that  it  causes  sickness  when  the  defen¬ 
sive  powers  of  the  organism  aro  weakened  (5?).  In  this  case  X-irradiation 
was  the  factor  which  activated  the  latent  infection.  Relapse  of  experimental 
malaria  was  observed  by  Taliaforro  and  co-workers  (311)  in  chickens  irradiated 
after  20-27,  39  or  72  days  following  .nf  action. 


Activation  of  latent  dysentery  after  radiation  treatment  has  been 
observed  in  monkeys  by  V.  L.  Trotskii  and  M.  a.  'Rumanian  (157).  Thus,  the 
of  Toot  of  ionizing  radiation  on  the  one  hand  determines  an  increased  sensitivity 
of  Ukj  organism  to  infection  with  the  agents  of  infectious  diseases,  and  on 
the  other,  may  lead  to  the  activation  oi  a  series  of  latent  or  chronically 
progressing  infections. 

How  long  is  the  duration  of  the  period  of  decreased  resistance  of 
an  organism  after  irradiation  with  regard  to  the  pathogenic  microbes?  Inas¬ 
much  as  the  damaging  effect  of  radiation  on  immunity  is  the  basis  of  this 
phenomenon,  the  duration  of  this  period  should  depend  not  only  on  radiation 
dose,  species  and  individual  sensitivity,  but  also  on  the  peculiarities  of 
the  infectious  process  and  immunity.  However,  when  the  effect  of  radiation 
on  immunity  was  discussed,  we  did  not  touch  on  the  peculiarities  during 
different  infections;  this  affects  the  duration  of  period  of  increased 
sensitivity  of  the  irradiated  organism  to  the  infection  with  ary  agent, 
because  various  damaged- factors  of  immunity  are  not  restored  simultaneously . 

There  are  some  examples  of  variations  in  the  duration  of  the  period 
indicated  depending  on  the  infection  but  under  otherwise  identical  conditions  . 


Normal  resistance  of  irradiated  (Ii33  r  of  <f"-rays)  white  mice  to 
intramuscular  infection  with  the  agent  of  gas  gangrene  is  restored  within 
15  days  (see  Fig.  30),  but  increased  sensivity  of  mice  irradiated  with  a 
.vs?  X-ru--?  of  equivalent  biological  effectiveness  (350  r)  to  aerogenic 


cos £-vsi  curio.'  _2  ia"S  (2 pi.). 


o.'ij  recovery  of  -s ans it iv zzy  ox  zo  o • 

is  takes  place  by  the  30th  day  (297),  out  does  not  occur  to 
ae  ever,  within  10  weeks  (R.  V.  Petrov).  Infection  of  r— ce  wc.tr. 
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L.  ictorohaomorrhagiae  Killed  12;  out  of  16  animals  within  72  days  following 
irradiation  while  there  were  no  deaths  among  the  infected  controls.  Over  this 
perio..  of  time  the  mice  did  not  die  of  radiation  sickness. 

Tnus,  one  and  the  same  species  of  animals  exposed  to  identical 
doses  of  ionizing  radiation,  and  in  the  last  three  examples  at  identical 
dose  rates  (20-25  r  per  minute),  manifests  anincraased  sensitivity  to 
various  infections  over  the  course  of  different  time  periods. 

Increased  sensitivity  of  irradiated  animals  to  the  agents  of 
infectious  diseases  under  the  effect  of  radiation  is  accompaniod  by  the 
appearance  of  peculiarities  in  the  course  of  these  diseases.  To  characterize 
these  peculiarities,  the  characteristic  features  of  so-called  local  focal 
infections  have  to  be  discussed. 

VJo  wrote  in  Chapter  2,  that  the  unusual  character  of  the  inflammatory 
reactions  in  radiation  sickness  is  manifested  in  a  depression  of  tnn  development, 
and  sometimes  even  in  a  complete  aosence  of  the  cellular  component  of  in¬ 
flammatory  loci.  This  was  illustrated  with  the  experiments  on  intracutaneous 
infection  of  irradiated  raobits  with  ccliform  bacteria  and  several  other 
microbes.  This  is  confirmed  oy  the  data  of  many  experiments  published  (115, 

90,  91,  177,  178),  and  also  by  observations  of  humans  affected  by  ionizing 
rauiation  (325,  253). 

The  results  of  observations  of  focal  changes  appearing  after  infection 
of  irradiated  guinea  pigs  with  the  agent  of  gas  gangrene  (R.  V.  letrov  (121;)) 
are  given  below. 

As  is  known  (39),  the  peculiarities  of  the  local  manifestations  of 
gas  gangrene  infection  show  in  the  development  of  serous-alterative  process 
(edema,  necrosis)  ana  gas  formation. 

In  the  progressing  gas  gangrene,  eaema  spreads  extremely  rapidly, 
the  necrosis  of  tissues  becomes  more  extensive,  and  gas  is  seen  far  beyond  the 
limits  of  the  infection  site.  Productive-infiltrating  processes  have  not 
been  observed.  Development  of  the  latter  is  associated  only  with  the  beginning 
of  recovery.  The  infection  locus  is  demarcated  by  the  zone  of  productive  in¬ 
flammation,  and  this  infiltrate  prevents  further  extension  of  the  anaerobic 
process,  which  becomes  benign  in  character.  I.  V.  Davydovskii  (39)  reports, 
that  a  nonspecific  inflammatory  process  which  follows  the  anaerobic  specific 
process  is  a  turning  point  to  convalescence  and  it  verifies  objectively  the 
beginning  of  recovery. 

In  our  experiments  on  the  infection  of  normal  guinea  pigs  with 
the  culture  of  3.  oerfrinvens .  such  a  turning  point  startea  usually  within  2-3 
days.  Under  the  same  conditions,  the  infiltration  which  demarcates  the  in¬ 
fection  locus  did  not  appear,  as  we  saw  it  (Table  19),  100fi  of  the  guinea 
pigs  exposed  to  200  r  died  of  gas  gangrene,  while  in  control  animals  only 
liOu  died. 

Evidently,  the  depression  of  the  development  of  productive  inflammation 
is  the  cause  of  the  second  peculiarity  in  the  local  manifestations  of  anaerobic 
gangrene  in  irradiated  animals.  This  peculiarity  is  characterized  by  a  con¬ 
spicuous  edema  ana  necrosis  of  tissues,  ana  also  by  an  abundant  accumulation 
and  Vast  extension  of  gas  as  compared  with  the  control  animals. 

The  third  peculiarity  is  the  fact  that  the  changes  indicated  de¬ 
velop  more  rapidly  in  irraaiated  animals  than  in  nonirraaiatod.  X-ray  pictures 


illustrate  these  facts.  The  unusual  character  of  the  local  infectious  processes 
is  revealed  also  in  the  investigation  of  many  infectious  agents. 

In  addition  to  the  data  of  the  first  two  chapters,  the  results  of 
computation  of  the  agents  of  gas  gangrene  in  lg  of  the  focal  tissue  of 
irradiated  and  intact  guinea  pigs  can  be  presented  (R.  V,  Petrov).  For  the 
purpose  of  calculation,  the  tissue  homogenate  was  inoculated  in  a  plate  with 
Wilson-Blair  agar,  whose  surface  was  covered  with  meat-infusion  agar.  It 
can  be  seen  from  Table  2h,  that  accumulation  of  significantly  larger  numbers 
of  microbes  occurs  in  the  infectious  foci  of  irradiated  guinea  pigs,  than 
that  in  controls.  The  difference  is  especially  marked-several  thousand  fold- 
if  the  animal  is  infected  with  a  sublethal  dose  of  the  agent  (25  mil.  of 
microbe  bodies  by  the  optical  standard).  However,  if  a  conditionally  lethal 
dose  (150  mil.  of  miorobe  bodies)  is  used  for  infaotion,  then  in  the  foci 
of  irradiated  guinea  pigs  the  accumulation  of  microbes  is  1.7  times  larger 
than  in  the  control  animals. 


Table  2h 

Number  of  microbes  (in  thousands)  in  lg  of  the  injured  tissue  of  irradiated 


and  control 

Group  of 
guinea  pigs 


guinea  pigs  during 
After  one  day 
following  in¬ 
fection  with 


;  gas  gangrene  infection. 
After  5'  hours  following" 
infection  with  a  dose 
of  150  mil.  of  microbe 


After  a  day  followin 
infection  at  a  dose 
of  150  mil.  microbe 


25  mil.  of  mi¬ 
crobe  bodies. 

bodies. 
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bodies. 
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focus  in 
muscle 
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cellular 

tissue 

inflammation 
focus  in 
muscle  (from 
hip) 

in  guinal 

cellular 

tissue 

inflammation 
focus  in 
muscle  (from 
hip) 

irguinaJ 

cellular 

tissue 

Nonirradiatec 


28C  000 


1  500  000 


35  000 


Irradiated  I 

with  a  dose 
of  350  r 
four  days 
before  in¬ 
fection  210  000  1  liOO 


h9Q  000 


51  2  700  000  33  ooo 


N  o  t  e:  Each  number  is  the  arithmetical  mean  of  the  results  of  examination 
of  three  guinea  pigs. 


One  can  see  from  Table  2k  >  that  the  multiplication  of  microbes  on 
the  periphery  of  the  focus  in  irradiated  animals  occurs  more  intensely  than 
in  controls:  within  five  hours  after  the  injection  of  150  mil.  of  bacteria 
into  the  femoral  muscles  the  number  of  microbes  in  the  region  of  inguinal 
cellular  tissue  exceeds  by  17  times  that  of  nor.irradiated  animals.  This  di¬ 
fference  disappeared  within  2h  hours,  evidently,  due  to  the  use  of  a  high 
infection  dose,  which  caused  death  of  all  animals  by  the  beginning  of  the 
second  day.  Inis  assumption  is  confirmed  by  the  fact  that  after  infection 
with  a  sublethal  dose  of  microbes  (25  mil.),  the  number  of  microbes  in  the 
inguinal  cellular  tissue  of  irradiated  animals  after  a  day  following  in¬ 
fection  was  several  hundred  times  higher  than  in  the  control  animals. 

A  significant  accumulation  of  microbes  in  the  infectious  foci  of 
irradiated  animals  was  observed  by  us  also  during  experimental  diphtheria 
infection  in  guinea  pigs  (0.  G.  Alokseyeva).  The  examination  of  smears- 
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imprints  from  the  foci  of  experimental  and  control  animals  showed  a  markedly 
higher  number  of  microbes  in  the  former. 

The  experiments  of  B.  N.  Sofronov  (153)  concerning  experimental 
tetanus  infection  in  irradiated  white  mice  also  agree  with  our  data. 

Analogous  results  were  obtained  by  V.  N.  Sivertseva  (li»0)  in  the 
study  of  a  focal  staphylococcus  infection,  anu  by  A,  A.  Smoroaint3ev  (li*5) 
in  irradiated  mice  infected  with  influenza  virus. 

The  accumulation  of  large  numbers  of  microbes  in  the  infectious 
foci  of  irradiatod  animals  is  accompanied  by  an  unfailing  absorption  of  the 
microbes  by  blood.  This  peculiarity  is  described  by  us  in  Chapter  1.  The 
experiments  of  3.  N.  Sofronov,  3.  N.  Sivertseva,  P.  N.  Kiselev  (68,  70), 

Brooks  (19h)  and  others  mentioned  above,  cun  be  presented  as  souroaa  from 
literature  indicating  this  accumulation.  All  the  authors  listed  have  re¬ 
corded  an  early  generalization  of  the  focal  infection  typical  for  irradiated 
animals  even  in  those  cases  in  which  it  never  appears  under  normal  conditions. 

The  observations  of  Brooks  are  especially  indicative;  they  illustrate 
the  generalization  of  wound  infection  caused  by  pathogenic  Q  -hemolytic 
streptococcus.  The  experiments  were  performed  on  dogs  exposed  to  X-irradiation 
at  a  dose  of  100  r.  Immediately  after  irradiation,  a  burn  was  made,  which 
covered  20?  of  the  body  surface;  the  burn  was  produced  by  applying  a  plate, 
heated  to  60°,  to  the  skin.  The  wound  surface,  which  appeared  within  several 
days  beginning  -with  the  3rd-l*th  day  was  spontaneously  complicated  by  {3  -sta$>tt»- 
coccus  infection.  In  30  out  of  liO  dogs  the  p  -streptococcus  was  detected  in 
blood,  and  septicemia  was  observed  in  all  cases  after  the  appearance  of  the 
agent  in  the  wound.  Streptococci  in  the  wound  and  blood  were  serologically 
identical.  There  was  no  generalization  of  the  A  -streptococcus  infection 
in  10  animals,  and  they  survived.  ' 

In  the  control  (nonirraciated)  group  of  dogs  the  p -streptococcus 
complication  on  the  wound  surface  was  not  accompanied  by  the  penetration  of 
cocci  into  blood.  The  mortality  in  this  group  of  animals  was  six  times  lower 
than  among  the  irradiated. 

Thus,  the  predominance  of  alterative  inflammation  components  over 
the  proliferative,  accumulation  of  large  quantities  of  microbes  in  the  focus, 
and  generalization  of  the  infection  are  characteristic  of  the  focal  processes 
in  irradiated  animals. 

The  general  symptoms  of  infection  diseases,  appearing  under  the 
conditions  of  radiation  damage  to  the  '  lism,  also  have  essential  peculiarities. 
The  most  distinctive  peculia  'ity  which  been  observed  continuously  and 
has  been  described  over  the  course  of  ..  _  years,  was  reported  in  this  book. 

Higher  mortality  of  irradiated  animals  after  infection  with  any  agent  is  this 
special  feature. 

Is  this  only  the  result  of  a  more  severe  course  of  infection,  or 
does  the  infectious  disease  in  turn  aggravate  the  radiation  sickness,  and 
the  combination  of  two  pathologic  processes  affecting  each  other  provide  a 
higher  mortality? 

It  is  hard  to  imagine  two  pathologic  processes  proceeding  simultaneously 
in  an  organism  without  affecting  each  other.  It  is  even  more  difficult  to 
demarcate  the  symptoms  of  each  process  and  to  find  out  which  one  was  the 
cause  of  death.  This  may  be  easily  decided  only  under  certain  conditions, 
for  instance,  when  radiation 'sickness  has  not  yet  developed,  out  the  in- 
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fection  is  proceeding  rapidly  and  exhibits  distinct  external  symptoms.  Thus, 
if  on  the  third  day  after  irradiation  guinea  pigs  are  infected  with  the  agents 
of  gas  gangrene  infection,  then  they  die  on  the  fourth  day  displaying  clearly 
pronounced  gas  gangrene.  At  this  time  the  development  of  radiation  sickness 
is  only  beginning,  and  deaths  have  not  been  observed  before  the  7th-8th  day. 

In  such  an  arrangement  of  the  experiment,  one  can  see  clearly  that  radiation 
treatment  aggravates  the  course  of  gas  gangrene  infection  and  that  the  latter 
is  the  cause  of  death.  A  more  severe  course  of  several  infections  is  manifested 

as  clearly,  if  the  animals  are  infected  at  remote  times  after  irradiation.  We 

have  observod  this  in  the  case  of  experimental  icteric  leptospirosis  in  white 
mice  infected  after  IjO  and  72  days  following  radiation  treatment,  when  acute 
radiation  sickness  was  already  over. 

Under  other  conditions  tvo  pathologic  processes  interlace  more 
tightly,  but  their  combination  is  not  an  arithmetrical  sum;  it  is  more  complex. 

In  many  cases  not  only  may  aggravation  or  perversion  of  either  manifestation 
of  the  disease  bo  observed,  as  we  saw  in  the  example  of  focal  infections,  but 

also  a  peculiar  -£<  extinction  >y  of  one  process  by  the  other  has  beer,  recorded. 

It  is  found  by  Koroz  (cited  by  I.  A.  Pigalev  (129)),  that  tetanus 
intoxication  aggravates  radiation  sickness  in  white  rats  caused  by  injection 
of  polonium  at  a  dose  of  0.1  mO  per  1  kg  of  weight.  At  this  dose  of  the  radio¬ 
active  substance  acute  radiation  sickness  developed  and  100$  of  animals  died 
witnin  30  days.  After  a  simultaneous  injection  of  a  lethal  dose  of  tetanus 
toxin  all  animals  died  over  the  period  from  the  9th  to  the  l?th  day,  while  the 
toxin  alone  caused  death  of  rats  on  the  5th-8th  day.  In  experimental  animals 
the  picture  of  tetanus  intoxication  was  slightly  pronounced,  out  general 
tetanus  in  many  cases  did  not  develop  at  all.  Thus,  in  combining  two  pathologic 
processes  intensification  of  radiation  injury  and  weakening  of  tetanus  in¬ 
toxication  were  observed  simultaneously. 

Very  interesting  examples  of  the  mutual  effect  of  radiation  injury 
and  infection  were  observed  by  0.  G.  Alekseyeva  in  experiments  relative  to 
infection  of  irradiated  guinea  pigs  with  the  agent  of  diphtheria.  It  has  been 
noted,  that  if  two  pathologic  processes  are  combined,  the  strongest  one  prevails. 
The  weaker  process  comes  forward  as  stgiemer.tary,  aggravating  the  other.  If  two 
pathologic  processes  of  approximately  equal  force  meet,  then  a  sharp  mutually 
aggravating  effect  has  been  observed  (for  a  description  of  tha  experiments  see 
Chapter  3). 

At  the  International  Conference  on  Peaceful  Uses  of  Atomic  Energy 
in  Geneva  in  1955  I.  A.  Pigalev  (129)  put  the  question  relative  to  the  mutual 
effect  of  radiation  injury  and  infection.  In  our  book  the  attention  of  the 
reader  is  drawn  to  the  indicated  interaction  because  the  peculiarities  of  the 
general  manifestations  of  infectious  diseases,  which  are  under  the  condition 
of  radiation  effect,  can  be  discussed  only  from  such  a  viewpoint. 

What  are  those  peculiarities?  In  which  sections  of  the  pathologic 
process  are  they  manifested? 

In  fact  all  manifestations  of  infection  in  an  irradiated  organism 
differ  from  those  in  an  intact  one.  Even  in  comparing  the  appearance  of 
animals  infected  after  irradiation  with  the  controls  they  often  show  a  more 
severe  state.  Especially  clearly  is  this  displayed  in  small  laboratory 
animals,  in  particular  in  white  mice,  infected  with  different  bacteria  (3^ 
Breslau,  agents  of  leptospirosis,  pus-producing  cocci  and  so  on).  While 
the  control  (irradiated  only  and  infected  only)  animals  are  still  completely 
healthy  in  their  appearance,  the  experimental  animals  are  in  an  evidently 
sick  condition:  their  hair  loses  luster,  the  animals  become  unclean  and 
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inactive,  they  sit  with  fur  ruffled.  The  difference  in  their  appearance 
persists  during  the  entire  experiment. 

Great  changes  in  weight  indices  are  typical  of  experimental  animals. 

For  instanco,  rabbits  that  were  infected  with  the  agent  of  leptospirosis  at 
one  day  following  irradiation  (500  r),  lost  380-590  g  of  weight  within  10  days, 
while  animals  irradiated  only  or  infocted  only  lost  not  more  than  70  g  (B.  V. 
Petrov).  In  a  gic-p  weighing  of  white  mice  infected  with  B.  Breslau  (experi¬ 
ments  of  A.  F.  Kosova),  an  analogous  phenomenon  was  recorded. 

Temperature  reactions  in  infectious  diseases  of  irradiated  animals 
are  also  of  interest,  as  is  known,  fever  is  one  of  the  main  general  symptoms 
of  infectious  disease  (57).  It  is  known  also,  that  radiation  injuries  often 
are  accompanied  by  an  increased  body  temperature,  and  one  of  the  frequent 
causes  of  an  increased. temperature  is  a  developing  infection  (31).  Therefore, 
the  experiments  (K.  V.  Petrov)  in  wnich  an  earlier  hyperthermia  is  registered 
in  experimental  animals  in  comparison  with  the  controls,  do  not  cause  surprise. 
Thus,  for  instance,  an  increase  in  temperature  to  U0°  and  higher  was  oDserved 
in  guinea  pigs  infocted  with  L.  icteronaemorrhagiae  from  the  8th  to  the  15th 
day  following  infection.  Under  identical  conditions  an  increased  temperature 
was  observed  in  animals  infected  after  irradiation  (200  r)  over  the  period 
from  the  5th-8th  day.  The  animals  died  on  the  9th -12th  day,  but,  despite  the 
presence  of  clearly  exhibited  infection  (jaundice,  leptospiremia),  by  the  8th 
day  the  body  temperature  was  normal  or  dropped  below  normal  figures.  After 
the  infection  of  cutaneous -muscular  wounds  in  guinea  pigs  with  a  culture  of 
3.  perfringens  (R.  V.  Petrov  (121;)),  peculiarities  of  the  temperature  reaction 
in  irradiated  animals -aosence  of  a  prolonged  increase  in  temperature,  typical 
for  normal  guinea  pigs-  was  recorded.  The  infection  in  irradiated  animals 
led  to  a  temporary  rise  in  temperature,  which  on  the  second  day  dropped  below 
normal;  gas  gangrene,  as  indicated  above,  had  a  more  vigorous  course. 

The  observations  of  rabbits  that  w<»re  injected  with  coliform  bacteria 
at  different  times  after  irradiation  (V.  F.  Sosova  (152))  showed,  that  the  tem¬ 
perature  reaction  may  oe  absent  during  the  period  of  rnarxed  manifestation  of 
radiation  sickness,  even  during  the  generalization  of  the  infection.  The  aosence 
of  hyperthermia  has  been  observed  in  many  tests  with  experimental  diphtheria  in¬ 
fection  in  irradiated  guinea  pigs  (0.  G.  alekseyeva). 

The  explanation  of  this  phenomenon  may  oe  found  in  the  change  ? a 
general  reactivity  of  the  organism  in  radiation  sickness  (33,  97,  129)  and 
also  in- the  disturbance  in  thermoregulation  (31,  20).  The  latter  ao'j  not  de¬ 
velop  immediately  after  irradiation.  The  temperature  reaction  to  the  injection 
of  pyrogenal  in  dogs  exposed  to  2*00-600  r  decreases  from  the  3rd-l~th  clay.  The 
injection  of  pyrogenic  vaccine  at  2h  hours  following  exposure  to  ionizing 
radiation  (1800-1000  r)  causes  a  smaller  rise  of  the  oody  temperature  than  in 
the  control  group,  when  it  was  injected  after  i;8  hours,  a  decrease  in  the  tem¬ 
perature  cor.  even  be  observed,  i.e.  a  perverted  reaction  occurs.  The  disturbance 
in  thermoregulation,  ooviously,  is  based  on  a  change  in  the  functional  state  of 
the  vegetative  centers  of  diencephalon  (97). 

similar  change  in  reactivity  is  revealed  also  oy  the  leucocyte 
counts  ir.  blood  of  animals  infected  after  irradiation.  It  is  known  that  many 
infectious  processes  are  accompanied  by  leukocytosis.  The  infectious 
leucoc;. tools  in  irradiated  animals  develops  only  at  ecrly  times  after  radiation 
treatment,  and  it  changes  rapidly  into  leunopenia,  typical  of  raaiatior.  sick¬ 
ness.  Thus,  an  intracutaneous  infection  of  guinea  pigs  with  staphylococci  within 
the  first  two  days  after  A-irruuiation  at  a  uose  of  1  ..—500  r  (experiments  of 
e.  r‘ .  w.'.exeCiio)  ir.  pc/**  of  cases  ueac«s  to  tnc  ucve~v  .ment  o*  cocytosus.  *nis 
Icucocytosis  is  temporary,  but  all  the  same  it  is  there.  The  organism  reacts 


z'r.or.  the  increase  i;l  the  number  of  leucocytos  can  be  observed  only  in  15%  of  the 
cases,  and  it  cannot  be  called  leucocytos is:  there  is  only  a  slightly  excessive 
number  of  white  cells  in  blood  after  infection  as  compared  with  their  number 
before  it.  After  an  infection  of  guinea  pigs  on  the  3re-10th  day  after  irradiation 
with  500  r  there  was  no  consistant  rise  in  the  number  of  leucocytes.  Several 
absolute  numbers,  which  illustrate  these  facts,  are  presented  in  Table  25. 


Table  25 


Increase  in  tne  number  of  leucocytes  in  blood  of  irradiated  guinea  pigs  within 
2u-1i8  hours  after  intracutanoous  infection  with  a  culture  of  Staphylococcus  albus 


No.  of 
guinea 
pig 

Day  after 

H  .’radiation 
on  which  in¬ 
fection 
occurred. 

Radiation  dose  in  r 

100 

200 

! 

300 

500 

i  i 

l-2nd 

"1:700-11800^ 

1:500-11  900  ; 

3550-5  350  “ 

2250-1+  500 

2 

i 

5100-13350 

2300-1:  550  i 

2 150-1:  000 

1 

!  3 -10th 

2U50-5  ooc 

1700-3  200 

850-1  000 

No  cases  of  in- 

o 

1800-3  700 

2700-5  5oo 

800-1  200 

creased  leucocyte 

: 

i 

count. 

t _ | 

1 

1 

9 200-15  750 

2 

plare  not 

8  500-11:  ?00 

[irradiated 

hr..  .  ... 

I)  The  first  number  indicates  the  number  of  leucocytes  in  lmm3  of  blood  before 
infection,  the  second-the  maximal  increase  after  infection. 
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32. 


Change  in  the  leucocyte  count  in  the  blood  of  irradiated  and  control 
rabbits  in  leptospirosis. 
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Fig.  32  sho.;3  the  results  of  computation  of  the  number  of  leucocytes 
in  the  blood  of  rabbits  infected  with  the  agent  of  leptospirosis  at  different 
times  after  irradiation  (R.  V.  Petrov).  Ono  may  see,  that  leptospirosis  in 
r.onirradiated  animals  is  accompanied  by  leucocytosis  (15000-20000  cells  in 
1  mm3  of  olood).  Leucocytosis  develops  al3o  if  infection  is  carried  out  on  the 
day  of  radiation  exposure  or  within  a  day  afterward.  However,  infection  within 
two  days  following  irradiation  does  not  lead  to  an  increased  number  of  leuco¬ 
cytes  in  blood;  their  number  decroases  parallel  to  that  in  the  irradiated  con¬ 
trol  animals. 

Thus,  if  infection  is  carried  out  on  the  first  two  days  after 
irradiation,  then  the  infectious  process  leads  to  the  development  of  leuco¬ 
cytosis.  If  the  infection  is  done  later,  then  the  microbe  does  not  induce 
reaction  in  the  form  of  leucocytosis  typical  for  it.  Only  a  somewhat  more 
profound  leukopenia  than  in  radiation  sickness  which  is  not  complicated  by 
infection,  has  been  observed. 

These  observations  have  been  confirmed  by  the  experiments  of  many 
investigators  (1?U,  271). 

Endogenic  infectious  complications,  regularly  developing  during  the 
<<" leukopenic  period^  (76,  77),  also  do  not  lead  to  the  development  of  leuco¬ 
cytosis;  the  animals  die  with  a  profound  leukopenia  present. 


Fig.  33. 


Change  in  the  number  of  leucocytes  in  the  blood  of  guinea  pigs 
during  gas  gangrene. 

1-Irrauiatea  controls;  2-inf ected  controls;  3-inf ected  and  ir¬ 
radiated. 


It  is  easy  to  imagine  that  in  the  case  in  which  the  two  pathologic 
orocesses-tho  infectious  and  radiation  lead  to  leukopenia,  they  exert  a  sum- 
mated  effect.  Similar  phenomenon  could  be  seen  (R.  V.  Petrov)  in  the  example 
of  experimental  gas  gangrene  in  guinea  pigs.  After  infection  of  the  wound 
with  the  agonfc  of  this  disease,  development  of  a  slight  leukopenia  has  always 
been  observec  (7000-3000  leucocytes  in  1  mm3  of  blood,  while  the  normal  level 
is  10000  -  11000).  Fig.  33  shows  the  dynamics  of  the  change  in  the  number  of 
leucocytes  in  the  blood  of  guinea  pigs  that  were  ,  nfected  only,  irradiated 
only  and  infected  after  irraaiation.  In  the  latter  case  leukopenia  is  charact¬ 
erized  by  special  so verity,  and  it  uevelops  decidedly  more  rapidly,  than  in  the 
first  two  cases.  Tne  data  presented  verify  the  peculiarities  of  manifestation 
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of  several  symptoms  common  for  many  pathologic  processes  (cliange  in  weight  and 
body  temperature,  and  reactions  of  white  blood  cells). 

• 

Is  the  special  character  of  the  course  of  infections  during  radiation 
injuries  restricted  to  this,  or  does  it  extend  also  over  the  specific  features 
of  infectious  processes,  which  separate  them  in  a  special  group  of  diseasos 
(the  presence  of  a  microbe-agent,  its  spreading  and  multiplication  in  the  organism, 
accumulation  of  immune  bodies  and  others)? 

In  characterizing  focal  infectious  processes  in  irradiated  animals 
wc  said  that  accumulation  of  substantially  greater  number  of  bacteria,  than  is 
the  control  group,  is  typical  for  them.  A  series  of  experiments  show*  that  this 
is  typical  also  for  generalized  infectious  processes. 

An  intraperi toneal  infection  of  nonirradiated  rats  with  Trypanosoma 
lovriJi  (2?1)  in  the  amount  of  10000-1$  000  leads  to  a  phenomenon,  in  which  at 
the  climax  of  the  sickness  (bn  the  10th  day)  the  number  of  parasites  in  blood 
amounts  to  200000-700  000  in  1  mm3,  if  animals  infected  at  one  hour  after 
irradiation  (300-$00  r)  are  examined  at  an  identical  time,  then  1-2  mil.  of 
parasites,  i.e.  3-5  times  more  than  in  nonirradiated,  have  been  found  in  1  mm3 
of  blood. 


If  on  the  day  of  exposure  to  a  sublethal  dose  of  X-rays  (500  r), 
chickens  are  infected  with  plasmodia  of  bird  malaria,  then  uhe  same  regularity 
has  been  oosarved:  the  number  of  the  parasites  in  the  blood  of  irradiated 
chickens  exceeds  twofold  that  in  controls  (18 100  to  8  800  computed  per  10000 
erythrocytes ) . 


House  typhus  in  irradiated  white  mice  proceeds  with  more  pronounced 
infection  of  the  internal  organs  and  blood  (1$0),  than  in  the  control  animals 
Intravenous  injection  of  Proteus  in  mice  irradiated  with  i*00-$00  r  (2lR?)  leads 
to  a  sharp  increase  in  blood,  while  the  number  of  microbes  disseminated  by 
blood  of  nonirradiated  animals  decreases  sharply. 

The  facts  presented  enable  one  to  assume,  that  accumulation  of  large 
quantities  of  microbes  in  the  tissues  proves  to  be  a  typical  feature  of  most 
of  the  infectious  processes  in  an  organism  injured  by  ionizing  'radiation.  «c~ 
ceotions  to  this  concept  must  be  evaluated  correctly.  Thus,  for  instance, 
Higdon  and  Rudisell  (2*81),  later  Singer  (300)  under  defined  experimental  con¬ 
ditions  discovered  a  lower  parasitemia  in  irradiated  white  mice  infected  with 
Pi.  Berghei.  Singer  has  revealed,  that  irradiation  at  one  day  or  20  minutes 
before  the  infection  of  mice  leads  t-  the  development  of  a  less  pronounced 
parasitemia,  than  in  nonirradiated  animals.  An  identical  radiation  dose  used 
within  a  day  or  on  the  3rd  day  following  infection  guarantees  almost  complete 
disappearance  of  the  parasites  from  blood  by  the  7th  through  the  11th  day; 
temporarily  (by  the  $th  day)  their  number  increases  3-1  times.  However,  if 
the  irradiation  is  carried  cut  on  the  7th  day  -fter  infection  then  variations 
in  the  number  of  erythrocytes  in  either  direction  are  insignificant. 

Taking  into  consideration  the  peculiarities  of  the  mutual  effect  of 
two  pathologic  processes,  Singer  interprets  this  unuaual  response  on  the  oasis 
of  two  phenomena.  Pronounced  tropism  of  Pi.  Bcrghsi  to  young  erythrocytes  and 
the  absence  of  capacity  to  use  mature  forms  of  mouse  erythrocytes  are  the  first 
concepts.  *  quick  damage-within  a  day  after  irradiation-  to  erythrogenesis 
(217,* 12,  $6)  is  the  second  concept.  By  comparing  the  two  concepts  one  may 
understand  the  lower  level  01  parasitemia  an  mice  irradiated  a  day  before  in¬ 
fection:  in  is  caused  by  the  smaller  number  of  young  forms  of  erythrocytes  in 
the  blood  of  irradiated  mice. 
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If  the  irradiation  is  carried  out  on  the  3rd-7t h  day  after  infection, 
then  interaction  of  at  least  throe  main  factors,  which  define  tho  course  of  the 
combined  injury,  occurs:  stimulated  hematopoiesis  which  takes  place  due  to  tho 
beginning  of  tnc  infectious  process,  its  depression  under  the  effect  of  radiation, 
and  damago  to  the  immune  mechanisms.  .  Depression  of  immunity  allows  a  quick 
multiplication  of  parasites.  However,  this  situation  cannot  persist  long, 
because  tho  stimulation  of  erythropoiesis  is  replaced  by  depression,  and,  con¬ 
sequently,  by  a  decrease  in  the  numbor  of  young  erythrocytes.  Increase  in  the 
number  of  the  blood  parasitos  is  replaced  by  decrease.  Singer  reports,  that  the 
stimulation  of  hematopoiesis  which  preceaes  irradiation,  imposed  a  pattern  on 
the  course  of  radiation  sickness  in  that  its  symptoms  were  less  pronounced.  Thus, 
the  meeting  of  two  pathologic  processes  mutually  affects  their  manifestations. 

In  the  description  of  the  peculiarities  of  focal  infectious  processes 
in  irradiated  animals,  it  was  pointed  out  that  an  early  generalization  of  in¬ 
fections,  even  in  cases  in  which  it  never  .appears  in  the  controls,  is  typical. 

Is  this  peculiarity  common  also  for  infectious  diseases,  for  which 
spreading  of  the  agent  in  tho  whole  organism  is  an  absolutely  constant  patho¬ 
genetic  link? 

Experiments  ascertain  this  question  positively  (2ii7,  200,  lliO).  The 
most  descriptive  results  are  obtained  by  V.  N.  Sivertseva  (lUo)  in  her  experi¬ 
ments  with  enteric  infection  of  white  mice  with  3.  Breslau.  After  the  infection 
of  intact  mice  the  bacteria  in  mesenteric  nodes  were  first  revealed  on  tho  5th 
day,  and  in  liver  and  spleen  on  the  8th  day..  In  animals  irradiated  (h70  r)  2 
days  before  infection,  the  bacteria  in  mesenteric  nodes,  liver,  spleen  and 
blood  were  found  as  early  as  tho  2nd  day. 

Tho  same  paper  demonstrates  one  more  peculiarity  of  infectious 
diseases  in  irradizi  ed  animals-decrease  in  the  natural  bactericidal  activity 
of  tho  organism  toward  the  agent.  Although  3.  3reslau  in  the  liver  and  spleen 
of  control  mice  are  discovered  only  up  to  the  15th  day  after  infection,  in 
irradiated  they  are  found  up  to  the  30th  day. 

The  experiment  of  V.  N,  Sivertseva  completely  agrees  with  analogous 
observations  of  the  co-worker  of  our  laboratory  A.  F.  Xosov. 

In  experiments  with  leptospirosis  infection  in  irradiated  mice  (R.  V. 
Petrov),  data  are  obtained  which  confirm  the  regularity  described  above. 

It  is  known,  that  leptospirosis  is  characterized  by  the  presence  of 
a  leptOopirsmic  phase  which  persists  for  H-5  days,  and  by  a  following  dis¬ 
semination  of  leptospirilla  in  the  organs;  the  organisms  can  be  found  in  kidneys 
for  a  prolonged  time-up  to  several  months  (hO,  1 y,  117).  In  order  to  trace 
those  'phases  in  irradiated  animals,  white  mice  were  killed  at  different  times 
after  infection  (2-7  animals  at  a  time)  and  blond  cultures,  emulsions  of  liver 
and  kidneys  wore  made.  The  tissues  of  liver  and  kidneys  were  emulsified  by 
means  of  a  special  apparatus  for  sterile  crushing  of  the  organs  (R.  V.  Petrov 
(122)).  The  cultures  were  incubated  for  not  less  than  a  month. 

In  Table  26  are  shown  the  results  of  examinations  of  white  mice  at 
different  times  after  ir.traperitoneal  injection  of  the  «  Rat  Ramenka»  culture 
within  four  days  following  Irradiation.  Table  26  shows  that  after  the  infection 
of  normal  white  mice,  leptospiremia  was  observed  during  the  first  four  days, 
but  after  tho  infection  of  irradiated  mice  it  could  be  soen  significantly  longer 
(7-13  days).  In  the  kidneys  of  control  animals  leptospirilla  were  detected 
during  tho  first  five  days,  thereafter  over  the  period  between  tho  36th-?Oth 
day,  and  then  only  on  tho  220th  day.  In  irradiated  mice  the  agents  were  de- 
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tested  during  the  firs-  16  days .  The  second  period  of  manifestation  of  lepto- 
spirilla  cccs  r.ot  persist  till  the  SOth  day,  but  till  the  190th  day.  Ixacination 
after  220  cays  also  showed  the  presence  of  leptospirilla  in  kioneys. 

It  sho-id  bo  noted  that  we  as  well  as  other  investigators  (35)  have 
observed  temporary  disappearance  of  leptospirilla  from  all  tissues  examined. 
However,  in  irradiated  animals  these  periods  were  either  significantly  shorter 
(from  the  6th  through  the  25th  day  in  control  animals  and  from  the  l?th  through 
the  25th  day  in  experimental),  or  were  absent  (111-190  days). 

Table  26 


Discovery  of  leptospirilla  in  the  tissues  of  white  nice  at  different  times  af- 


Symbols:  -j*  means  that  growth  of  leptospirilla  is  revealed  in  the 

tissue  culture;  —  means  that  the  tissue  culture  is  negative. 


A  slower  disappearance  from  an  irradiated  organism  of  the  agents  of 
infection  is  verified  by  the  experiments  of  0-  G.  ^lekseyeva  on  infection  of 
guinea  pigs  with  diphtheria.  After  an  intraperitor.eal  infection  of  2  oil. 
diphtheria  bacteria  in  guinea  pigs  that  received  antitoxic  serum,  the  abdominal 
cavity  becomes  sterile  within  21-13  hou rs,  while  in  the  animals  that  were 
irradiated  five  days  before  infection  t.he  microbes  can  be  found  in  the  cavity 
for  five  days  and  longer. 

Thus,  in  infectious  processes  of  irradiated  animals  a  longer  period 
of  spreading  of  microbes  in  the  organism,  and  also  a  locker  period  of  excretion 
and  natural  bactericidal  activity  was  observed. 

It  was  indicated  abate  that  in  focal  infectious  processes  of  irradiated 
arv.uals,  alterative  phenomena  prevail  in  the  inflammation  picture  and  prolif eratic 
components  are  sharply  depressed  or  are  entirely  absent.  There  is  a  basis  for 
assuming  that  inflammatory  changes  in  generalized  infections  are  distinguished 
by  the  seme  unusual  characteristics.  Unfortunately,  we  failed  to  find  investi¬ 
gations  ir.  detail  on  this  question  in  literature,  -at  us  present  tr.e  observations 

KuOrtT*  i/O  US  • 


oi  in 


zor.o  • 


V,.  A.  Krayevskii  (90-91)  repeatedly  has  indicated  the  unusual  character 
'lam.mato ry  changes  in  vutoinf ecticus  complications  during  radiation  sick- 
which  are  accompanied  by  dissemination  of  microoes  in  the  internal  organs, 
.ogical  investigation  of  tissues  indicates  that  the  islets  of  bacterial 
uniton,  and  a— so  tne  necro—  ic  eoc—  —re  no-  surrouncec  oy  c.n  —.nr o.an— na  —  oiy 


V.*l  wi 


macroscopic  investigations  of  mesenteric  lymph  nodes  in  mice  in- 
mouse  typhus,  V.  U.  Sivertseva  (I4O)  has  discovered  an  increase 
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in  the  nodes  of  the  intact  animals,  and  absence  of  such  a  reaction  in  irradiated 
animals.  The  experiments  of  P.  Kiselev  (?0)  also  show  the  unusual  character 
of  the  reaction  of  lymph  nodes  after  radiation  treatment;  they  indicate  lower 
fixing  capacity  of  these  nodes  relative  to  pathogenic  3.  3reslau. 

'.Je  failed  to  find  data  in  the  literature  on  the  questions  of  the 
peculiarities  of  inflammatory  reactions  in  generalized  infections  of  irradiated 
animals  as  well  as  data  on  the  formation  of  antibodies  in  the  dynamics  of  the 
infectious  process  after  radiation  treatment.  The  domestic  and  foreign  liter¬ 
ature  is  rich  in  descriptions  of  the  effect  of  radiation  on  the  production  of 
antibodies,  but  in  all  these  experiments  the  effect  of  ionizing  radiation  on 
the  formation  of  antibodies  was  studied  in  immunization,  not  aurirg  the  course 
of  an  infectious  disease  (see  Chapter  3) •  In  connection  with  this,  we  think 
it  to  be  expedient  to  report  in  detail  on  our  investigations  of  the  number  of 
antibodies  .airing  experimental  leptospirosis  in  animals  exposed  to  X-irradiation 
(R.  V.  Petrov). 

In  addition  to  the  peculiarities  of  the  accumulation  of  agglutinins, 
data  will  be  presented  which  characterize  the  spreading  of  leptospirilia  in 
organism.  This  is  necessary  because  the  disappearance  of  the  stimulant  from 
blood  auring  leptospirosis  usually  coincides  with  the  appearance  of  antibodies 
in  it  (19),  and,  evidently,  is  dependent  on  it,  because  the  mechanism  of  im¬ 
munity  to  this  infection  is  basically  connected  with  the  accumulation  of  immune 
bodies  (9).  However,  this  has  not  been  proven  by  experiments,  in  which  the 
depression  of  the  production  of  antibodies  was  induced-depression,  which  leads 
to  a  corresponding  prolongation  of  period  of  circulation  cf  leptospirilia  in 
blood;  therefore  investigation  of  the  formation  of  antibodies  during  the  process 
of  leptospirosis  infection  in  an  irradiated  organism,  and  parallel  studies  of 
the  spreading  of  leptospirilia  in  it,  are  of  special  interest. 

The  experiments  were  carried  out  on  rabbits  weighing  1.5-3  kg  and 
guinea  pigs  weighing  200-250  r.  The  animals  were  exposed  to  sublethal  doses 
of  X-rays:  rabbits  to  501-600  r,  guinea  pigs  to  200  r.  The  infection  was 
carried  out  with  a  strain  of  the  agent  of  «  Rat  Ramenka  »  leptospirosis. 

The  rabbits  were  infected  intravenously,  guinea  pigs  intraper it  on oa lly . 

The  infection  resulted  in  development  of  a  latent  infection  with  no  lethal 
outcome  in  noairraaiated  animals. 

Analysis  of  the  r  .suits  (Table  2?)  showed  depression  of  the  formation 
of  antibodies  in  irradiated  rabbits. 

Zee  depression  was  slight  in  the  group  of  animals  infected  during  the 
first  hours  after  irradiation.  Zee  beginning  of  the  formation  of  antibodies 
ir.  these  lagged  1-2  days  in  comparison  with  the  control  group.  Leptospirilia 
were  found  in  blood  during  6-5  days,  while  in  the  control  group  leptospiremia 
persisteu  for  3-5  days. 


If  the  rabbits  were  infected  within  a  day  following  irradiation,  then 
a  sharp  depression  of  the  production  of  antibodies  was  observed:  the  agglutinin 
titer  in  blood  of  irradiated  animals  was  i:i;0-l?l600,  at  the  same  time  in  the 
control  group  it  was  1:1.00000  to  1:1600  000.  ihe  beginning  of  the  formation  of 
antibodies  was  2-3  days  later.  Leptospiremia  lasted  for  9-10  days. 

Infection  of  rabbits  within  two  days  after  irradiation  did  not  result 
in  appearance  of  antibodies  at  all.  The  leptospirilia  may  be  found  in  blood 
till  death. 
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Table  27 


Results  of  infection  of  rabbits  with  the  stimulant  of  leptospirosis  « Rat 

Ramenka  >> . 


Group 

of 

animals 

io 

of 

the 

rabbit 

Weight 
of  rab¬ 
bit  in 

g 

Radiation 
dose  in  r 

Hours  after 
irradiation 
when  infec¬ 
tions  oc¬ 
curred 

Duration  of 
leptospiremi. 
from  the  in¬ 
fection  time 
(in  days) 

Maximal 
agglutinin 
titer  in 
blood 

Day  af¬ 
ter  ir- 
radiatior 
on  which 
death  oc¬ 
curred 

Infectec 

2 

2  620 

5 

1620  000 

Survived 

controls  5 

3  170 

h 

6U0  000 

II 

7 

2  900 

h 

800  000 

II 

8 

2  200 

h 

1600  000 

It 

29 

2  800 

h 

800  000 

It 

30 

2  900 

3 

hoo  COO 

It 

2*3 

1  610 

3 

800  000 

It 

hh 

1  530 

3 

1600  000 

II 

Irradi- 

1 

2  390 

600 

8 

30  000 

13th 

cAocd  an 

d  3 
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Rig.  31:  shows  the  dynamics  of  the  formation  of  antibodies  and  the 
duration  of  leptospirenia  in  rabbits  of  the  control  and  the  experimental 
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The  experiments  on  guinea  pigs  showed  the  same  mechanism.  For  the 
purpose  of  illustration  the  results  of  infection  of  two  irradiated  and  two 
normal  animals  are  presented  in  Table  28. 
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□  Rabbit  No  2  (infected  control) 

fj  Rabbit  No  1  (infected  within  3  hours  after  irradiation) 

Rabbit  No  hi  (infected  within  a  day  after  irradiation) 

Fig.  3ii-  Formation  of  antibodies  and  duration  of  leptospiremia  in  rabbits 
infected  with  the  agent  of  leptospirosis 

Table  2S 

Results  of  infection  of  guinea  pigs  with  the  agent  of  leptospirosis  Rat 


) 


The  da+a  presented  permit  one  to  draw  two  cor- fusions. 

First,  the  depression  and  deceleration  of  the  process  of  anti¬ 
body  formation  during  experimental  leptospirosis  in  irradiated  animals  are 
accompanied  by  corresponding  prolongation  of  the  period  of  circulation  of 
leptospirilla  in  blood.  This  fact,  in  our  opinion,  is  important  not  only  as 
or.e  of  the  factors  explaining  the  more  severe  course  of  leptospirosis  in 
irradiated  animals.  It  indicates  the  greater  role  of  specific  antibodies 
in  the  pathogenesis  of  leptospirosis,  and,  in  pa.-  '  cular,  in  the  mechanism 
of  liberation  from  leptospirilla. 

Second,  the  formation  of  antibodies  in  irradi_-ed  animals  during  the 
process  of  infectious  sickness  is  subjected  to  the  same  mechanism'',  which  are 
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established  for  immunization  of  the  animals  at  different  tines  after  radiation 


ir  -t-.er.t :  essence  a: 
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In  describing  the  depression  of  antibody  formation  in  radiation  sick¬ 
ness,  the  problem  of  the  diagnostic  value  of  determination  of  antibodios  in 
blood  during  any  infectious  disease  of  an  irradiated  animal  cannot  bo  overlooked. 
Taking  into  consideration  that  the  infection  in  such  an  organism  can  procood 
without  the  appearance  of  immune  bodies  in  blood,  reactions  of  the  Vidal 
type  under  the  conaitions  of  radiation  injury  might  lose  ary  diagnostic  value. 

In  Chapter  IV  we  reported  the  peculiarities  of  allergic  reactions  in 
irradiated  animals.  It  was  noted  that  their  specificity  decreases  and  non¬ 
specific  allergy  to  the  substances  of  various  bacteria  even  appears.  It  is 
natural  that  this  fact  also  lessens  the  value  of  allergic  tests  as  diagnostic 
7Ti6&r*S  • 


The  diagnostics  of  infection  in  radiation  injury  on  the  basis  of 
clinical  features  also  can  oe  puzzling,  inasmuch  as  the  clinical  manifestations 
of  an  infectious  sickness,  as  was  shown  in  this  Chapter,  distinguish  themselves 
by  their  atypical  character. 

All  this  permits  us  to  assume  that  only  the  isolation  of  the  culture 
of  a  specific  agent  can  be  considered  as  an  absolutely  reliable  diagnostic  sign 
of  infection  in  an  irradiated  organism,  however  even  this  may  in  a  series  of 
cases  be  difficult  due  to  the  dissemi.  tion  of  the  microbes  of  autoflora  into 
the  tissues  in  radiation  sickness  (se«  Chapter  1).  The  last  circumstance  re¬ 
quires  obligatory  use  of  elective  culture  media. 

Before  completing  this  Chapter,  it  is  necessary  to  answer  two  more 
questions  which  are  important  from  both  the  theoretical  and  the  practical  view¬ 
point. 


The  first  can  be  formulated  as  follows :  since  ionizing  radiation 
sharply  destroys  the  mechanism  of  nonsusceptibility,  which  leads  to  an  in¬ 
creased  sensitivity  of  the  organism  to  pathogenic  bacteria  and  to  a  severe, 
usually  lethal,  course  of  infections,  can  an  irradiated  organism  not  be  af¬ 
fected  by  an  infection,  which  is  not  characteristic  of  this  species?  We 
did  not  find  special  investigations  dedicated  to  this  problem,  but  several 
data  in  literature  and  our  own  studies  permit  one  to  answer  this  question 
negatively,  temporarily.  Kolmer  and  co-workers  (251)  have  announced,  that 
they  failed  to  overcome  an  inherited  nonsusceptibility  of  rabbits,  guinea 
pigs,  rats  and  fitchews  to  the  virus  of  poliomyelitis,  despite  the  fact 
that  the  animals  were  subjected  to  irradiation  twice-before  and  after  in¬ 
fection.  The  radiation  doses  were  equal  to  100-250  r  each.  At  the  12th 
Conference  of  Microbiologists,  0.  F.  Peterson  and  co-workers  (121)  reported 
analogous  data  relative  to  preservation  of  the  inherited  nonsusceptibility 
of  guinea  pigs  to  the  virus  of  yellow  fever  after  irradiation.  Our  efforts 
to  cause  diphtherial  (0.  G.  Alekseyeva)  or  anthracic  (R.  V.  Petrov)  infectious 
processes  in  irradiated  white  rats  failed;  they  were  infected  with  the  bacteria 
of  diphtheria  and  Siberian  plague.  The  species  nonsusceptibility  of  animals 
was  preserved. 


An  analogous  conclusion  can  be  drawn  also  on  the  basis  of  an  ex¬ 
periment,  which  aimed  at  the  creation  of  a  jar  epidemic  >!>  of  lepto¬ 
spirosis  among  irradiated  white  mice  (R.  V.  Petrov).  Transfer  of  mice  in- 
feezed  with  the  agent  of  leptospirosis  (strain  <<Rat  Ramenka>^ )  to  healthy 
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animals  did  not  lead  to  tha  development  of  epidemics  among  tne  animals  in  con- 
JactT  This  fact  was  confirmed  by  negative  results  in  the  cultures  of  organs 
of  mice  killed  at  different  times,  and  also  by  the  absence  of  specific  anti¬ 
bodies  in  the  blood.  This  is  understandable,  because  mature  white  mice  possess 
a  high  natural  resistance  to  leptospirosis,  and,  as  we  saw  previously,  even 
an  induced  infection  of  white  mice  with  the  culture  of  leptospirilla  leads  to 
the  development  of  a  latent  infectious  process  only.  After  the  induced  in¬ 
fection,  a  clinically  apparent  infection  with  lethal  end  results  developed  in 
irradiated  mice,  therefore,  one  might  expect  it  to  bo  possible  to  cause 
epidemics  in  a  jar  of  irradiated  animals  by  placing  infected  mica  among  them. 
However,  prolonged  observation  of  these  mice  indicated  that  they  as  well  as 
the  intact  mice,  failed  to  become  infected  with  leptospirosis,  i.e.  despite 
irradiation  (350  r),  the  natural  nonsusceptibility  was  preserved.  Of  course, 
we  realize  the  relative  nature  of  the  results  of  this  experiment,  since  we 
do  not  know  whether  the  conditions  were  favorable  for  infection  of  healthy 
mice  by  the  sick  and,  if  they  were,  what  was  the  infecting  dose.  However, 
in  the  perspective  of  the  experiments  presented  above,  this  experiment  also 
•could  be  evaluated  as  the  verification  of  the  preservation  of  species'  non¬ 
susceptibility  in  radiation  sickness. 

In  all  prooability,  diseases  not  characteristic  of  the  species,  can¬ 
not  appear  after  radiation  treatment,  which,  apparently,  depresses  all  factors 
of  immunity  (phagocytosis,  formation  of  antibodies  and  so  on).  If  this  is 
correct,  then  the  experiments  on  irradiated  animal-  demonstrate  once  more  that 
specific  nonsusceptibility  is  dependent  not  only  on  phagocytosis  and  other 
universally  accepted  factors  of  immunity,  but  also  on  the  biochemical  composition 
of  the  tissues  and  on  the  type  of  metabolism.  The  latter,  evidently,  creates 
conditions  which  are  inadequate  for  the  interaction  between  the  two  species, 
i.e.  for  the  appearance  of  an  infectious  diseasb. 

From  the  practical  point  of  view  the  question  concerning  the 
efficiency  of  antimicrobial  therapy  of  infectious  diseases  under  conditions 
of  radiation  injury  is  rather  important. 


Tne  data  of  Chapter  1,  which  discuss  methods  for  combatting  endo¬ 
genic  infection  in  radiation  sickness,  show  the  definite  efficiency  of  many 
specific  antimicrobial  means,  among  which  antibiotics  occupy  the  leading 
place.  This  alone  permits  one  to  assume,  that  in  exogenic  infectious  diseases 
of  irradiated  organisms,  the  specific  antimicrobial  means  vary  in  efficiency. 
Illustrative  facts  are  obtained  in  experiments  with  different  diseases,  let 
us  discuss  some  of  them. 


Treatment  of  white  mice  with  penicillin  begun  2U  hours  after  intra¬ 
muscular  infection  with  100  Dim  of  hemolytic  streptococcus  leaas  to  the  re¬ 
covery  of  animals  and  to  the  destruction  of  the  microorganisms,  even  at  the 
site  of  injection,  within  Ij8  hours.  A  similar  experiment  on  animals  exposed 
to  a  dose  of  ii50  r  one  day  before  infection  showed  high  efficiency  of  the 
therapy:  the  experimental  animals  were  dying  parallel  to  the  irradiated  control 
animals,  i.e.  of  radiation  sickness,  not  of  streptococcus  sepsis.  However, 
at  the  injection  site  the  living  streptococcus  was  preserved  for  a  long  time. 
The  effect  of  oiomycintherapy  in  a  similar  experiment,  judging  by  the  survival 
rate,  turned  out  to  oe  two  times  smaller  than  that  in  irradiated  mice  (2ii7). 

The  use  of  penicillin  for  the  therapy  of  infectious  complication  of 
the  wound  surface  in  irradiated  dogs  decreased  their  mortality  from  73  to 
the  mortality  in  the  control  (nonirradiated)  group  was  equal  to  12%  (Brooks 
ar.d  co-workers  (15*1)). 
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Treatment  of  experimental  petrussal  infection  in  irradiated  white 
mice  showod  a  decreased  therapeutic  effect  of  immune  serum  and  bionycin  using 
then  separately  (1^3) • 


Experiments  on  .studies  of  efficiency  of  specific  therapy  of  experimental 
pas  gangrene  in  guinea  pigs  exposed  to  200  r  of  X-rays  w°Te  carried  out  by 
R.  V.  Petrov.  Gas  gangrene  was  initiated  by  intramuscular  injection  of  an 
absolutely  lethal  dose  of  B.  perfringens  mixed  with  calcium  chloride.  A 
clinically  pronounced  infection  developed  within  3— U  hours,  and  the  animals 
died  within  1-3  days. 


A  combination  of  specific  antitoxin  serum  with  penicillin  was  used 
for  therapy.  Such  a  combination,  according  to  data  in  the  literature  (99, ’ 
320),  is  the  most  effective.  In  our  experiments  the  medical  treatment  began 
within  1-3  hours  after  infection.  Penicillin  at  a  dose  of  1-2  tolerance  units 
per  1  kg  of  animal  weight  was  injected  directly  into  the  focus  of  infection. 
Serum  (0 . 2-0. It  tolerance  units  per  1  kg  of  weight)  was  injected  in  the  muscles 
of  the  other  (healthy)  hip.  At  one  hour  after  infection  the  indicated  prepar¬ 
ations  were  injected  once.  In  the  case  in  which  therapy  began  within  3  hours 
after  infection,  injection  of  the  preparations  was  repeated  after  one  day  at  an 
identical  dose. 


The  experimental  results  are  presented  ir.  Table  29.  The  mortality 
rate  was  evaluated  over  a  seven  days'  period.  Such  an  observation  period  was 
selected  for  two  reasons.  First,  usually  no  deaths  wore  observed  in  animals 
irradiated  only,  at  this  period  (at  this  radiation  dose  guinea  pigs  die  af¬ 
ter  the  seventh  day  of  radiation  sickness).  Second,  when  this  infection  method 
is  used,  the  animals  die  of  gas  gangrene  during  the  first  three  days.  The 
majority  of  animals  die  on  the  lst-2r.d  day.  In  guinea  pigs  that  survived 
seven  days  due  to  the  medical  treatment,  the  focus  of  infection  is  demarcated 
by  an  infiltration  zone  and  becomes  encapsulated;  in  these  cases  we  failed  to 
observe  death  of  animals  of  gas  gangrene  at  later  times.  The  results  obtained 
agree  with  the  data  in  literature  (2). 


local  manifestations  of  gas  gangrene  infection  were  evaluated  by  us 
according  to  the  following  scales  p  -the  presence  of  crepitation,  i.e.  accum¬ 
ulation  of  gas  in  the  tissue:  -H-+  the  presence  of  edema  and  infiltration  ex¬ 
ceeding  the  limits  of  the  hip;  -t'+tne  presence  of  infiltration  covering  the 
hip;  -j-  the  infiltration  not  covering  the  whole  hip,  its  diameter  not  exceeding 
1  cm. 


One  sees  from  Table  29  that  the  efficiency  of  the  therapy  of  ex¬ 
perimental  gas  gangrene  in  guinea  pxgs  is  different  and  depends  first  of  all 
on  the  time  that  passed  between  the  infection  and  beginning  of  therapy.  Thus,, 
while  the  combination  of  serum  and  penicillin  within  one  hour  after  infection 
resulted  in  recovery  of  all  guinea  pigs,  a  similar  therapy  started  within  three 
hours  after  infection,  was  effective  in  13  out  of  15  animals .  Therapy  of  ex¬ 
perimental  gas  gangrene  with  penicillin  or  serum  applied  separately  is  also 
effective,  if  the  preparations  are  injected  earlier. 


A  more  severe  course  of  experimental  gas  gangrene  and  lower  ef¬ 
ficiency  of  therapy  with  penicillin  only  or  serum  only,  is  characteristic,  of 
irraeiated  guinea  pigs. 
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t-ho  contrary,  the  combination  of  serum  with  penicillin  is  equally 
eixecti  e  against  gas  infection  in  noth  irradiated^-'  and  nonirrauia tod  animals. 

Obviously,  the  use  of  a  single  antitoxic  (serum)  or  antibacterial 
(penicillin)  agent  in  a  nonirradiated  organism  is  affective  in  halting  the 
infectious  process,  The  same  method  used  in  the  case  of  gas  gangrene  in  ir¬ 
radiated  anl„,als  proves  to  be  less  effective,  and  only  the  combination  of 
both  means  leads  to  the  desirable  result.  The  explanation  for  this  phenomenon, 
evidently,  is  similar  to  the  explanation  for  a  higher  sensitivity  of  irradiated 
animals  to  infectious  agents,  i.e.  depression  of  the  immunity  factors  (leuko- 
poiesis,  phagocytic  activity,  formation  of  antibodies  and  so  on). 

The  data  prosentoa  indicate  that  if  an  infectious  disease  begins  in 
tr.e  irradiated  organism,  thon  the  therapeutic  effect  is  highest  in  cases  in 
which  therapy  is  directed  simultaneously  against  all  pathogenetic  links  of  the 
infection. 


On  closing  this  section  one  is  tempted  to  answer  the  following 
questions:  are  the  indicated  peculiarities  of  the  course  of  infectious 
diseases  specific  only  for  radiation  injury  ox’  an  orgn nissi  or  do  such  per¬ 
versions  appear  in  different  pathologic  states  characterized  by  profound  damages 
to  metabolism?  Many  published  papers  showing  the  peculiarities,  similar  to 
the  described  ones  of  infectious  processes  during  starvation,  avitaminosis,  dis¬ 
turbances  in  the  activity  of  endocrine  glands,  acid-base  equilibrium,  different 
poisonings,  etc.  give  the  answers  to  this  question. 

During  alimentary  dystrophy,  for  instance,  the  sensitivity  to  the 
agents  of  infectious  increases,  and  even  such  microbes,  as  the  fecal  alkalization 
agent  or  Bacterium  Korgani  frequently  proves  to  be  pathogenic  for  humans  (127). 

The  formation  of  antibodies  after  immunization  and  during  the  course  of  the  in¬ 
fectious  process  is  sharply  depressed  in  protein,  deficiency  (127,  197). 

Numerous  experiments  of  A.  K.  Kircnenstein  (73)  show  the  peculiarities 
of  disturbances  in  immunity  and  in  the  course  of  infectious  diseases  during 
avitaminosis.  The  similarity  of  these  disturbances  with  those  of  radiation 
sickness  is  obvious.  The  sensitivity  to  bacteria  and  their  toxins  in  scurvy 
increases  by  several  multiples  oi  ten.  Infectious  diseases  (staphylococcus 
infection  in  guinea  pigs,  pneumonia  in  humans)  proceed  in  a  more  severe  form  and 
frequently  with  no  leucocytosis  or  increased  temperature.  The  phagocytic  activity 
of  leucocytes  is  decreased,  and  the  function  of  the  reticulo-endotnelial  system 
is  depressed  which  is  demonstrated, in  particular,  in  the  weakening  of  the 
capacity  of  regional  lymph  nodes  to  retain  the  oacteria  spreading  from  the  in¬ 
fection  focus.  The  formation  of  antioodies  is  depressed,  and  complement  titer 
in  blood  decreases.  An  analogous  phenomenon  has  been  observed  in  deficiency 
of  other  vitamins.  T.rus,  latent  psittacosis  ir.;'ection  of  parrots  which  fails 
to  give  clinical  features,  is  transformed  into  a  lethal  disease,  if  vitamin  2^ 
is  excli''-cd  from  their  food  (273),  Eichlioita  and  Clausen  ^quoted  from  A.  M. 
Kirchenstein  {(ojj  have  observed,  that  rachitic  cr.ildren  are  more  susceptible 
to  infections  and  in  particular  to  whooping  cough,  than  cnildren  who  obtain 
D  vitamin  in  food.  Predisposition  to  infections  has  also  been  observe’  ir. 

A -avitaminosis . 


T)  The  fact  should  be  emphasised,  that  the  i. -Action  of  animals  was  carried  out 
within  the  first  three  hours  following  irra  .  motion.  There  is  u  loundution  for 
assuming  what  alter  who  ..nfocwion  at  later  w.-,,,es,  tne  therapy  o»  gas  vangreno 
^  will  be  less  effective. 
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Oisturoancec  in  hormone  balance  also  increase  the  sensitivity  of  the 
organism  to  infections.  inis  fact  was  emphasized  even  in  the  papers  of 
1*  I.  rtechnikov  (106).  Experiments  show  an  increased  sensitivity  of  anLnals 
to  the  agents  of  many  infections  after  the  injection  of  cartisone  (290,  26?). 

The  injection  of  testosterone  in  mice  increases  the  multiplication  of  influensa 
virus  in  lungs  (21*6). 

A  decrease  in  phagocytic  activity,  the  capacity  to  produce  antii<o>l 
weaken  in,'  of  'oac  toric  idal  properties  of  the  organism  and  decrease  in  the  resistance 
to  infection  have  aeon  observed  in  experimental  acidosis  (192,  310).  Poisoning 
of  white  mice  with  malonate  decreases  thair  resistance  to  S.  tyohi  murium  (190,/. 

V.  F.  Sosova  has  reported  on  analogous  changes  in  inflammatory  foci  in  animals 
poisoned  with  benzene  during  radiation  sickness. 

The  data  presented  permit  one  to  affirm,  that  the  described  peculiarities 
of  infectious  processes  under  conditions  of  radiation  injury  are  no+  specific 
or  characteristic  only  radiation  sickness.  They  are  the  result  of  a  profound 
damage  to  immunity  and  reactivity  of  the  organism,  which  may  occur  not  only  in 
response  to  ionising  radiation,  but  also  in  other  pathologic  states.  However, 
in  hypovitaminosis,  hormonal  dlsturbanr us,  starvation  and  so  on,  immunological 
reactivity  can  oo  presr  -ved  at  a  high  I evel  for  a  prolonged  time,  and  in  many 
cases  its  changes  arc  not  so  profound  or  ds  r.ot  involve  all  factors  of  immunity. 

In  radiation  sickness,  the  disturbance  in  imnunobiological  reactivity  takes 
place  rapidly,  comprises  all  factors  oi  immunity  and  is  manifested  sharply. 
Therefore  when  an  infectious  disease  appears  after  radiation  exposure  the 
paculiari ties  of  interaction  oetweon  the  macro-and  microorganisms,  to  which 
this  chapter  is  dedicated,  will  certainly  be  observed. 
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Conclusions 


Our  data  presented  in  the  present  paper  refer  to  all  basic  disciplines 
by  which  the  peculiarities  of  interrelations  between  microbes  and  an  irradiated 
organism  are  characterized. 


Data  on  changes  in  the  properties  of  microbes  and  dynamics  of  their 
'spreading  ir.  an  irradiated  organism  are  given.  The  basic  peculiarities  of 
immunobioiogical  reactivity  and  the  character  of  allergic  reactions'  are  dem¬ 
onstrated.  What  is  the  significance  of  the  data  obtained  for  theoretical 
studies  of  radiation  sickness  and  for  practical  development  of  measures  for 
combatting  infections  in  irradiated  organisms? 

In  the  field  of  studies  of  autoinfection  in  radiation  sickness, 
the  data  indicate  that  under  the  effect  of  the  irradiated  organism  the  biological 
properties  of  its  microbe-autoflora  change  significantly,  the  virulence  of 
microbes  and  their  resistance  to  antibiotics  increase  ana,  the  bacterial  count 
both  in  inflammatory  foci  and  in  body  cavities  inhabited  by  microorganisms  in¬ 
crease  by  several  hundred  thousand  times.  However,  this  change  in  properties 
and  increase  in  the  amount  of  the  microbe  mass  fails  to  occur  immediately  af¬ 
ter  irradiation.  During  the  first  2-3  days  the  organism  still  possosscs 
sufficient  possibilities  for  stopping  the  infectious  processes,  and  its  tissues 
are  not  infected  with  bacteria  of  the  autoflora.  The  observations  of  the 
dynamics  of  development  of  autoinfection  showed  the  presence  of  high  defensive 
functions  in  many  organs,  in  which  noticeable  damage  begins  (at  lethal  radiation 
doses)  only  from  tha  i;th-5>th  day  following  radiation.  Consequently,  the  use  of 
powerful  bacteriostatic  agents  and  antitoxic  preparation  by  the  first  day 
after  irradiation  can  entirely  prevent  (as  shown  in  the  model  of  gas  gangrene 
infection)  the  development  of  infectious  processes. 

According  to  the  data  in  the  literature  and  on  new  experimental  models 
(leptospirosis,  gas  gangrene)  aggravation  of  tho  course  of  infections  has  been 
shown  in  irradiated  animals.  This  is  manifested  in  an  increased  mortality  rate 
and  in  the  significantly  larger  size  of  local  inflammatory  processes  with 
accumulation  of  hugo  numbers  of  the  microorganisms  in  tissues.  Depression  of 
antibody  formation,  increased  duration  of  the  retention  of  pathogenic  microbes 
in  the  organism  and  prolonged  excretion  has  been  noted.  The  character  of  the 
temperature  and  leucocyte  reaction  typical  of  the  given  infection  changes,  too. 

The  course  of  infectious  diseases,  whose  duration  covers  the  phase 
of  clinically  displayed  radiation  sickness,  changes  especially  sharply.  How¬ 
ever  if  the  infectious  cxsoaso  is  of  a  short  duration,  (which  happens  rarely) 
and  the  infection  occurs  on  the  •'irst  day  following  irradiation,  then  the  course 
of  tho  disease  is  almost  unchanged  in  comparison  with  the  nonirradiated  animal-. 

Thus,  an  infected  and  irradiated  organism  appears  to  bo  a  more 
dangerous  source  of  infection,  than  an  infected  but  r.et  irradiatod;  howovor  it 
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is  much  more  difficult  to  roveal  the  cavae  <-f  this  duo  to  the  milder  and  non- 
typical  course  of  the  disease  and  the  unreliability  of  the  gonoral  •'serologic 
and  allergic  reactions  (because  after  irradiation  tho  production  of  antibodies 
and  development  of  allergy  changes).  Therefore,  the  laboratory  investigational 
mothods  which  permit  the  detection  of  pathogenic  microbos  in  blood  and  excretions 
of  tho  organism  become  very  significant.  The  sanitary -hygienic  measures  which 
prevent  the  possibility  of  carrying  the  infection  to  other  organisms  are  also 
very  important.  Not  only  have  tho  facts  of  a  different  infection  course  in 
irradiated  organisms  been  stated  by  us,  but  also  efforts  were  made  to  find 
therapeutic  means  for  these  processes.  It  has  been  shown,  that  the  combination 
of  antitoxic  serum  and  antibiotics  can  be  useful  and  may  lead  to  recovery 
from  an  infectious  disease  (gas  gangrene)  of  animals  subjected  to  lethal 
radiation  doses. 

Profound  disturbances  in  the  immunobiological  reactivity  of  the 
organism  lie  at  the  basis  of  phenomena  which  characterize  the  change  in  in¬ 
fectious  processes  after  irradiation.  It  is  known  that  the  reactivity  of  an 
organism  depends  on  many  factors-functional  state  of  the  nervous  system,  endocrine 
regulation,  food  rich  in  protein  ana  vitamins,  state  of  metabolism,  activity  of 
many  enzyme  systems,  and  oxygen  supply.  The  effoct  of  seasonal  and  climatic 
factors  are  of  a  great  value,  too. 

The  importance  of  the  indicated  factors  in  tho  formation  of  immunity 
in  an  irradiated  organism  has  hardly  been  investigated  at  all.  The  basic  attention 
of  th>  authors  of  the  published  works  was  dedicated  mainly  to  the  study  of 
the  change  in  tho  production  of  antibodies  and  in  the  intensity  of  phagocytosis 
together  with  the  evaluation  of  the  resistance  to  infection  with  living  microbes 
or  to  the  injection  of  exotoxir.  ~. 

In  addition  to  the  characteristics  of  antibodies,  phagocytosis' and  re¬ 
sistance  of  infected  irradiated  animals  to  living  microorganisms,  other  mani¬ 
festations  of  defensive  functions  of  an  organism  are  also  clarified  in  our 
book:  the  bactericidal  and  bacteriostatic  activity  of  the  tegmina,  organs 
and  their  excretions,  the  adsorption  capacity  of  cells  and  tissues,  the  pro¬ 
duction  of  lysozyme  and  the  determination  of  the  phagocytic  activity  not  only 
from  in  vit  o  samples,  but  also  by  injecting  living  pathogenic  microbes  in  the 
irradiated  organism.  All  these  multiform  manifestations  of  the  capacity  of  the 
organism  to  destroy  microbes  are  not-  damaged  immediately  after  irradiation  and 
not  simultaneously.  Also  the  depression  is  not  continuous,  but  in  phases  usually 
coinciding  with  the  times  of  exacerbation  of  the  clinical  symptoms  of  the  ir- 
r  radiated  organism.  It  has  been  noted  that  injuries  to  the  defense  reactions 
frequently  are  arranged  in  zones,  and  they  are  displayed  nonunil'ormly  in  various 
body  sections,  probably,  in  connection  with  the  differing  severity  of  injury  of 
individual  organs  and  systems  by  radiation. 

The  use  of  several  tests  for  the  detection  of  early  disturbances  in 
natural  immunity  in  irradiated  organisms  may  have  practical  significance  (as 
for  instance,  determination  of  the  bactericidal' activity  of  skin,  amount  of 
lysozyme  in  saliva,  phagocytic  reaction,  content  of  microflora)  in  order  to 
diagnoze  early  the  presence  of  pathologic  effects  of  radiation  on  the  organism. 

Observation  of  the  state  of  natural  immunity  permits  one  to  detect 
changes  in  the  reactivity  of  the  organism  under  the  effect  of  therapeutic 
treatments,  and  may  help  in  the  evaluation  of  the  efficiency  of  the  medical 
treatment. 

As  is  known,  the  presence  of  an  induced  immunity  in  the  organism 
exerts  the  strongest  specific  defensive  effect,  against  infection.  In  this 
book,  for  evaluation  of  the  state  of  active  and  passive  immunity  in  irrad- 
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iatod  organisms,  not.  only  are  the  reactions  of  immunity  used,  bit  also  infection 
with  living  bactoria  (agents  of  diphtheria,  typhoid,  gas  gangrene  and  tetanus). 
According  to  the  data  from  the  literature  and  from  our  experiments,  depression 
of  immunobiological  reactivity  after  irradiation  takes  place,  especially  during 
the  period  of  the  clinical  syndrome  of  radiation  sickness,  Baside3  this,  it 
was  found  that  depression  of  active  immunity  is  displayed  differently  after  dif¬ 
ferent  routes  of  injection  of  antigens,  and  it  can  be  compensated  to  a  large 
extent  by  preliminary  immunization  before  irradiation.  Revaccination  after 
irradiation  increases  the  survival  rate  of  infected  animals  subjected  to 
irradiation  in  comparison  with  vaccination  alone.  At  the  same  time,  another 
useful  effect  of  preliminary  (before  irradiation)  vaccination  can  be  mentioned: 
the  vaccinated  animals  tolerated  radiation  sickness  significantly  better  and 
survived  to  a  larger  extent.  Consequently,  in  addition  to  its  important 
specific  prophylactic  effect,  vaccination  before  irradiation  may  have  a  practical 
value  for  the  abatement  of  the  intensity  of  radiation  injury.  However,  if  an 
irradiated  organism  is  infected,  then  it  was  observed,  that  irradiation  not 
only  decreases  the  efficiency  of  vaccination,  but  increases  the  severity  of 
the  postvaccinamion  reaction  to  a  large  extent.  Taking  these  data  into  consid¬ 
eration,  great  attention  should  be  paid  to  the  discovery  of  indications  and  con¬ 
traindications  for  parenteral  vaccination  in  humans  subjected  to  the  effect  of 
ionizing  radiation. 

The  presence  of  a  decrease  in  the  efficiency  of  passive  immunization 
in  irradiated  animals  verifies  the  importance  of  the  role  of  active  response 
of  the  organism  to  the  injection  of  therapeutic  serum.  This  active  response 
to  already-formed  antibodies,  obviously,  is  strongly  depressed  after  treatment 
with  ionizing  radiation.  However,  despite  the  serious  changes  in  the  reactivity 
of  the  organism,  the  efficiency  of  serum  therapy  was  successfully  increased  by 
increasing  the  serum  dose  anc3  combining  its  injection  with  the  use  of  antibiotics. 

It  is  shown  that  in  irradiated  organisms  not  only  does  the  efficiency 
of  active  and  passive  immunization  decrease,  but  also  allergic  reactions,  which 
appear  due  to  the  injection  of  heterologous  protein  (Schwartzman  phenomenon, 
anaphylactic  shock,  cutaneous  tests  vftlth  bacterial  allergens),  are  depressed. 
Intensification  of  the  cutaneous  reactions  to  bacterial  allergens  and  appearance 
of  intensely  displayed  nonspecific  reactions  are  observed  in  guinea  pigs,  which 
makes  it  impossible  to  use  cutaneous  tests  in  guinea  pigs  for  evaluation  of  the 
infection  of  the  organism  with  corresponding  infectious  agent. 

Thus,’  the  character  of  the  reaction  of  an  organism  to  the  injection 
of  substances  of  antigenic  nature  changes  substantially  after  treatment  with 
ionizing  radiation.  Development  of  a  state  of  sensitization  to  the  disinte¬ 
gration  products  of  the  intrinsic  tissues  proves  to  be  one  of  the  reasons  for 
this  change. 

It  is  well  known,  that  if  a  reaction  to  some  antigenic  stimulant 
appears  in  an  organism,  then  perception  of  the  effect  of  other  antigenic 
agents  decreases  sharply.  Investigation  of  the  problems  of  autoallergy  of  an 
irradiated  organism  has  great  theoretical  and  practical  significance.  The 
facts  relative  to  the  change  in  antigenic  properties  of  tissues,  biological 
effect  of  homosensitization,  detection  of  cytolysines  and  redistribution  of 
the  tissue  proteins  after  irradiation,  labial  tests  on  the  extracts  of  homo¬ 
logous  tissues  and  so  on,  mark  only  the  beginning  of  investigations  in  this 
field. 

Change  in  the  reactivity  of  the  organism  to  bacterial  after  homo- 
sensitization  deserves  attention:  after  the  infection  of  sensitized  rabbits 
and  guinea  pigs  a  type  of  necrotic -hemorrhagic  reaction  identical  to  that  in 
irradiated.,  animals  has  been  observed,  ’^he  animals  sensitized  with  tissue 
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substances  of  the  same  species  of  organisms  acquire  an  increased  sensitivity 
to  the  effect  of  radiation,  which  may  explain  why  in  trauma,  pregnancy  or  in¬ 
fection  (i.o.  during  processes  connected  with  tissue  sensitization)tne 
organisms  are  affected  by  radiation  more  severily  than  the  healthy  one3.  Tho 
studies  on  allergies  to  tissues  halve  great  theoretical  value,  because  they 
pertain  to  the  field  of  studies  of  the  pathogenesis  of  radiation  sickness. 
Obviously,  the  solution  of  this  problem  is  of  great  practical  importance  in 
order  to  discover  pathways  for  prophylaxis  and  therapy  of  radiation  injuries. 

Many  of  the  reported  changes  in  the  reactivity  of  an  irradiated 
organism  may  be  found  also  in  other  sickposses  and  therefore,  Apparently, 
cannot  be  considered  as  specific  for  radiation1  sickness.  However  the  com¬ 
bination  of  all  changes,  their  significant  intensity  against  the  background 
of  the  general  state  of  the  organism,  which  frequently  is  still  good,  are 
characteristic  of  radiation  injuries.  The  presence  of  compensating  reactions 
makes  it.  necessary  for  one  who  uses  immunobiological  tests  for  the  evaluation 
of  the  state  of  the  irradiated  organism  not  to  confine  himself  to  any  one 
indication,  but  always  to  use  the  data  of  several  reactions. 

The  study  of  interrelations  of  microbes  and  the  irradiated  organism 
proves  to  be  one  of  the  most  interesting  sections  of  medical  radiology,  and 
has  great  theoretical  and  practical  value.  Further  accumulation  of  data  in 
this  field  will  permit  one  to  detect  means  for  successfully  combatting  the 
infection  developing  in  irradiated  organism. 
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